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Die vorliegende Arbeit befasst sich mit der Synthese, dem Reaktionsverhalten, den 
Festkörperstukturen und den elektronischen Eigenschaften von neuartigen Übergansmetall-
komplexen der Gruppen 4, 8 und 10 des Peridoensystems der Elemente.  
Die Arbeit befasst sich unter anderem mit der Darstellung von Alkyloxy- und Aryloxy-
substituierten Titanocenverbindungen des Typs [Ti](Cl)(OR) {[Ti] = (η5-C5H5SiMe3)2Ti; R = 
organischer Rest). Mittels cyclovoltammetrischer Experimente und anhand von 
Festkörpestrukturen wird der elektronische Einfluss der organischen Reste auf das 
Metallzentrum untersucht. 
Weiterhin befasst sich die Arbeit mit der Synthese von in para-Position substituierten NCN-
Pincerverbindungen. Durch die Wahl des Substituenten in para-Postition sowie des 
Übergangsmetalls der Gruppe 10 des Periodensystems der Elemente ist es möglich, 
verschiedenartig gerichtete polymere Strukturen zu bilden. 
Ein weiterer Schwerpunkt der vorliegenden Arbeit liegt in der Synthese und Untersuchgung 
der elektronischen Eigenschaften von NCN-Pincer-substituierten Ferrocenen. Der Einfluss der 
NCN-Pincer auf die Elektonendichte des Ferrocens wird bestimmt sowie die Eignung 
derartiger Systeme als elektrochemische Sensoren zur molekularen Erkennung von 
Schwefeldioxid wird untersucht. 
 
 
Stichworte: Titanocen, Ferrocen, Biferrocen, Palladium(II), Platin(II), NCN-Pincer, 
Koordinationspolymer, Oxim, Nitril, heterometallisch, metallorganisch, Cyclovoltammetrie. 
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Abbreviations (Verzeichnis der verwendeten Abkürzungen und Symbole*) 
 
Å   Angström 
Ac   Acyl, CH3CO 
n-Bu   n-Butyl, n-C4H9 
t-Bu   tert-Butyl, C(CH3)3 
Cp   Cyclopentadienyl, C5H5 
dba   Dibenzylidenaceton 
dppf   1,1’-Bis(diphenylphosphino)ferrocene 
dppp   1,3-Bis(diphenylphosphino)propane 
Et   Ethyl, C2H5 
Fc   Ferrocenyl, (η5-C5H5)Fe(η5-C5H4) 
hfac   1,1,1,5,5,5-Hexafluoracetylacetonate, C5HF6O2 
M   Molar 
Me   Methyl, CH3 
M.p.   Melting point (Schmelzpunkt) [°C] 
NCN-H   3,5-Bis[(dimethylamino)methyl]phenyl, 1-C6H3(CH2NMe2)2-3,5 
NCN   2,6-Bis[(dimethylamino)methyl]phenylate, [C6H2(CH2NMe2)2-2,6]– 
NN’N   2,6-bis[(dimethylamino)methyl]pyridine, C5H3N(CH2NMe2)2-2,6 
Ph   Phenyl, C6H5 
i-Pr   iso-Propyl, CH(CH3)2 
tol   4-Tolyl, C6H4CH3-1,4 
TfO   Trifluormethansulfonate, CF3SO2 
[Ti]   Bis(trimethylsilylcyclopntadienyl)titan, (η5-C5H4SiMe3)2Ti 
{Ti}   Biscyclopentadienyltitan, (η5-C5H5)2Ti 
TMEDA  Tetrametylethylendiamine, Me2NCH2CH2NMe2 
 
MS   Mass spectrometry (Massenspektrometrie) 
ESI    Elektrospray Ionisation 
int.    Intensity (Intensität) 
M+    Molecular-ion peak 
                                                 
*






rel.    Relative 
TOF    Time-of-Flight 
 
IR    Infrared spectroscopy (Infrarotspektroskopie) 
ν    Stretching vibration (Valenzschwingung) 
vs    Very strong intensity (sehr starke Intensität) 
s    Strong intensity (starke Intensität) 
asym   Asymmetric 
sym.   Symmetric 
m    Medium intensity (mittlere Intensität) 
w    Weak intensity (schwache Intensität) 
 
NMR    Nuclear Magnetic Resonance 
bs    Broad signal (breites Signal) 
δ    Chemical shift (chemische Verschiebung) [ppm] 
d    Doublet (Dublett) 
dd   Doublet-of-doublets (Dublett-von-Dubletts) 
ddd   Doublet-of-doublets-of-doublets (Dublett-von-Dubletts-von-Dubletts) 
dt    Triplet-of-doublets (Dubletts-von-Triplett) 
J    Coupling constant (Kopplungskonstante) [Hz] 
m    Multiplet (Multiplett) 
pq   Pseudoquadruplet (Pseudoquartett) 
pt    Pseudtriplet (Pseudotriplett) 
s    Singulet (Singulett) 
t    Triplet (Triplett) 
tt   Triplet-of-triplets (Triplet von Tripletts) 
 
CV   Cyclic voltammetry (Cyclovoltammetrie) 
∆E0   Potential difference of two Fe(II)/Fe(III) redox pairs (Potentialdifferenz 
   zweier Fe(II)/Fe(III) Redoxpaare) [V] 
E1/2, E0  Redox potential for reversible processes (Redoxpotential bei reversiblen 
   Prozessen), E1/2 = (Eox + Ered)/2 [V] 





∆Ep    Peak-to-peak difference of reduction- and oxidation-peak maxima 
   (Peak-zu-Peak-Differenz zwischen den Reduktions- und  Oxidations-
   peakmaxima), ∆Ep = |Eox - Ered| [V] 
Ered   Reduction potential (Reduktionspotential) [V] 
Kc   Comproportionation constant (Komproportionierungskonstante) 
 
Microanalysis (Elementaranalyse) 
Anal. calcd.  Microanalysis, calculated values (Elementanalyse, berechnete Werte) 
Found   Microanalysis, found values (Elementanalyse, gefundene Werte) 
 







Die experimentellen Untersuchungen der vorliegenden Arbeit wurden am Lehrstuhl für 
Anorganische Chemie der Technischen Universität Chemnitz, sowie an der Faculty of 
Science, Organic Synthesis and Catalysis der Universität Utrecht durchgeführt. Den  
Unterschieden in den Forschungsgebieten beider Arbeitsgruppen ist es geschuldet, dass die 
vorliegende Arbeit ein auf den ersten Blick sehr weites Themengebiet abdeckt. Die 
übergeordnete Zielstellung der vorliegenden Arbeit war es jedoch, effektive 
Darstellungsmethoden für Übergangsmetallkomplexe, im speziellen für mono-, bi- und 
multimetallische Verbindungen der Gruppen 4, 8 und 10 des Periodensystems der Elemente 
zu erarbeiten. Des Weiteren sollten diese Verbindungen auf mögliche inter- und 
intramolekulare Wechselwirkungen untersucht werden. 
 
Metallorganische Verbindungen die Metalle der Gruppe-4 enthalten, sind von enormer 
Bedeutung, da sie eine breite Anwendung in industriellen Prozessen gefunden haben, 1 wobei 
die entsprechenden Metallocene von zunehmend besonderem Interesse sind. 2-5 So ist für die 
Entwicklung und Optimierung von homogenen, auf Metallocenen basierenden Katalysatoren 
eine gezielte Beeinflussung von sterischen Faktoren und elektronischen Eigenschaften des 
aktiven Metallzentrums notwendig. Bekannte Methoden zur Variation der Elektronendichte 
am Metallzentrum nutzen dabei Donor- und Akzeptorgruppen, die über vollständig pi-
konjugierte organische oder anorganische Brücken an das Übergangsmetall oder seine 
Liganden gebunden sind. 6 Im Rahmen der vorliegenden Arbeit sollte untersucht werden, in 
wie fern auf die Elektronendichte eines Titan(IV)-Ions in einem Titanocen des allgemeinen 
Typs [Ti](Cl)(OR) (R = einbindiger organischer Rest, [Ti] = (η5-C5H4SiMe3)2Ti) über ein 
nicht vollständig pi-konjugiertes System Einfluss genommen werden kann. 
 
Bei der Suche nach Materialien mit neuartigen physikalischen Eigenschaften spielen 
polymetallische metallorganische Systeme eine wichtige Rolle. 7 Dabei weisen die meisten 
beschriebenen metallorganischen Polymere, wie z. B. das Polyferrocen, 8 keinen Richtungs-
vektor entlang des Polymerrückgrates auf. Durch die Verwendung asymmetrischer Monomere 
zur späteren Polymerdarstellung kann ein solcher Richtungsvektor erzeugt werden, womit ein 
möglicher Elektronenfluss eine Vorzugsrichtung erhält. Im Rahmen der vorliegenden Arbeit 
sollten daher para-funktionalisierte NCN-Pincerverbindungen des Typs [MX(D-4-




C6H2(CH2NMe2)2-2,6)] (M = Pd, Pt; X= Halogen; D = Elektronendonor) dargestellt werden, 
die polymere Strukturen im Festkörper bilden. 
 
Ein weiterer Aspekt der oben gennannten Materialien mit neuartigen physikalischen 
Eigenschaften sind metallorganische Sensoren. 7f-p So konnte beispielsweise gezeigt werden, 
dass Platin-NCN-Pincerverbindungen, wie [PtCl(C6H3(CH2NMe2)2-2,6)] reversibel Schwefel-
dioxid binden und dabei ihre Farbe von farblos zu orange ändern. 9 Solch eine 
Farbveränderung geht mit einer Änderung der elektronischen Eigenschaften des 
Metallzentrums einher. Im Rahmen der vorliegenden Arbeit sollte demzufolge untersucht 
werden, in wie fern eine Änderung der Elektronendichte am Gruppe-10 Metallatom in NCN-
Pincerverbindungen durch eine elektrochemisch auslesbare Sonde, wie z. B. ein Ferrocen, in 
para-Position nachgewiesen werden kann. Solche Verbindungen stellen dabei gut zu 
untersuchende Modellverbindungen beispielsweise für einen neuartigen Typ von 
elektrochemischen Elektroden, auf denen sensorisch aktive Platin-NCN-Pincerverbindungen 
immobilisiert sind, dar. 
 
 
Zur Charakterisierung der neu dargestellten Verbindungen wurden NMR- und IR-
spektroskopische sowie massenspektrometrische Untersuchungen und cyclovoltammetrische 
elektrochemische Analysen eingesetzt. Der Bau ausgewählter Vertreter der synthetisierten 
Verbindungen wurde durch Einkristallröntgenstrukturanalyse aufgeklärt. 
 
Die Ergebnisse der Arbeiten an den oben definierten Aufgabenstellungen sind in sieben 
Publikationen in internationalen Zeitschriften zusammengefasst. Diese Veröffentlichungen 
sind bei den jeweiligen Verlagen zur Publikation eingereicht und zum großen Teil bereits im 
Druck erschienen. Die einzelnen Kapitel geben die jeweiligen Veröffentlichungen in 
inhaltlich unveränderter Form wieder. Im Anhang sind sie zusätzlich in Form ihrer 
Zusammenfassungen mit vollständiger Bibliographie aufgeführt. 
 







The present work covers several different aspects within the field of organometallic 
chemistry. In order to present reasonable background information, this chapter has been 
divided into the three sections: 1. Intramolecular electronic interactions, 2. Metallocenes 
including the two subsections 2.1. Ferrocens and 2.2. Titanocenes, and 3. Pincers. In addition, 
this chapter will give a more general overview of these three topics. For more detailed 
background information please refer to the corresponding parts of the introduction to chapters 
C to I. 
 
1. Intramolecular electronic interactions 
The study of intramolecular interactions between electron rich (donor) and electron poor 
(acceptor) moieties has attracted great attention. 7 An optimum of interaction can thereby be 
achieved by a direct bond, linking the donor and acceptor or alternatively by inorganic and/or 
organic pi-conjugated bridging units in between (Fig. 1). 
 









Fig. 1: Idealized and schematic donor-acceptor system. 
 
One of the first compounds which were intensively studied, are homobimetallic Ru2 





Fig. 2: Creutz-Taube ion.10 
 
With one of the ruthenium ions in the oxidation state +2 and the other in +3, such 
compounds are known as mixed-valance complexes. The ruthenium(II) cation acts as electron 
donor while the ruthenium(III) ion represents an electron acceptor. Depending, for example, 
on the speed of the charge-exchange between the two ruthenium ions, such systems can be 




classified by three categories according to Robin and Day. 11 Class I complexes show little or 
no overlap interaction of the two or more metal centers, resulting in a superposition of the 
electronic spectra of the single moieties with no additional features. Partial interaction of the 
two metal centers is observed in Class II compounds, whereas complexes of Class III are 
typically characterized by a strong interaction and fully delocalized and resonance stabilized 
mixed-valence compounds, with their electronic spectra having no resemblance to the ones of 
the single moieties.  
Further to such homometallic compounds, heterometallic systems open the possibility to a 
more selective control of the electronic properties. In particular, early-late transition metal 
complexes were studied thoroughly (for examples see Fig. 3). 12 For example tris-ferrocenyl-
cyclopentdienyltitanium, as reported by Roesky, is characterized by an intense dark color and 
is easily available by the reaction of (η5-C5H5)TiCl3 with FcLi (Fc = (η5-C5H5)Fe(η5-C5H4)). 
4d
 With the application of the concept of molecular “Tinkertoy”, as established by Michl and 
Stoddart, even multimetallic systems are accessible 13 such as the heteropentametallic 
compound reported by Packheiser and Lang. 14 This molecule can be built-up successively 
step-by-step from smaller organometallic moieties (Fig. 3).  
 
The consistent application of the molecular “Tinkertoy” approach also enables the 
preparation of directional organometallic polymers. Suitable monomers could in analogy to 





2.1. Ferrocenes † 
With its discovery by Pauson and Kealy, and Miller, Tebboth and Tremaine 15 and the later 
structural deduction by E.O. Fischer, R.B. Woodward and G. Wilkinson 16 the sandwich 
compound ferrocene (Fig. 4) has become an unanimous model in the field of organometallic 
chemistry. 17 
 
                                                 
†
 Only selected aspects will be described here. For a more detailed review of the ferrocene chemistry please see 
ref. 17. 

























Fig. 3: Examples of early-late transition metal complexes. 12d, 12e, 14 
 
 
Soon after its discovery, a manifold of possibilities to prepare ferrocene derivatives were 
developed. Even nowadays, more than 50 years later, a tremendous number of respectively 
themed papers are published every year. 12 One reason for its wide use may be the analogy of 
ferrocene with benzene. Both are very reactive in the electrophilic aromatic substitution as 
they are electron-rich aromatic compounds. 17a Remarkably, ferrocene is 3.3 x 106 times more 
reactive than benzene in the Friedel-Crafts reaction, one of the most common 
functionalization methods. 19 In addition, many ferrocenyl compounds possess excellent 
stability and show high crystallinity, making their handling feasible. 17-20 
A particular interest of ferrocene relates to its electron donating properties, which is 
comparable to those of anisole, 21 and its easily and reversibly switchable redox-behavior. 22 
Fe
Fig. 4: Ferrocene 




This opens the possibility to selectively adjust the electron density and the electronic 
properties of a compound containing a ferrocenyl group through the oxidation or reduction of 
this one-electron reservoir. 23  
Thus, wide applications in homogeneous catalysis 24, organic synthesis 24 (e.g. C-C, C-N, C-
O bond formation, α-arylation of esters and amides, amination of arylchlorides, conversion of 
aryl halides to aryl nitriles or hydroamination of 1,3-dienes), material sciences 18j, 25, as fuel 
additive 26 and potential pharmaceutical uses 27, 28 were developed or are under development. 
17a
 
For example Ferrocifen, a ferrocenyl derivative of Tamoxifen (Nolvadex®, Istubal®, or 
Valodex®), which is a selective estrogen receptor modulator, is under investigation for the 







Fig. 5: Tamoxifen (left) and Ferrocifen (right). 28 
 
In homogeneous catalysis and organic synthesis, the most prominent representative is 1,1’-
bis(diphenylphosphino)ferrocene (dppf, Fig. 6), e.g. in the form of the palladium complex 





Fig. 6: 1,1’-Bis(diphenylphosphino)ferrocene. 24 
 
Improvements in the catalytic activity could recently be achieved by the development of 
chiral 1,2-disubtituted ferrocenes (Fig. 7). 29 Exemplary, a commercially available 
ferrocenephosphine is show in Fig. 7 (left). 29a 
 















Fig. 7: Examples of ferrocene-based ligands. 29 
 
In order to study intra-molecular electronic interactions of the redox active ferrocene with 
other organic and/or organometallic donor or acceptor moieties, the respective groups are 
usually connected by inorganic and/or organic pi-conjugated bridging units. For linearly 





A (L-shape) B (U-shape) C (S-shape)
D (U-shape)
 
Fig. 8: Selected linear structures of ferrocene. 18n 
 
The structural type A molecule is the most common one. 17, 18n In this respect, some 
possibilities to attach ferrocene to an organic pi-conjugated system are summarized in Fig. 9.  
 
In compounds of structural type AA the ferrocene is directly bonded to an aromatic system 
via a single carbon-carbon bond. This might lead to repulsive interactions between the ortho-
hydrogen atoms of the C5H4 and the aromatic rings. Hence, these two planes might be twisted 
toward each other which may prevent an effective electronic interaction between the iron 
atom and optionally substituted benzene. With compounds of structural type AB or AC, or 
with the insertion of a suitable pi-conjugated -C=C- or -C≡C- spacer a promising alternative is 




available. The concept of in-cooperating ferrocene into organic pi-conjugated systems as 











Fig. 9: End-capped ferrocenes. 17 
 
More detailed examples of compounds resembling structural types A to D are shown in Fig. 
10. 30 Structural type A or an end-capped ferrocene is most common (vide supra). The 
differentiation between type B (U-shaped) and type C (S-shaped) compounds can often only 
be achieved by solid state structure analysis. Even if substituted, both cyclopentadienyl rings 
of ferrocene are free to rotate in solution which can easily be shown by NMR experiments. In 
the solid state, however, the rotation is “frozen” and the configuration depends on steric, 
crystal-packing, and/or inter- or intramolecular interactions such as aryl-aryl pi-stacking type 
B or C is observed. For example Mochida et al. could show that 1,1’-(4-
dipyridinethio)ferrocene resembles in the solid state type C. 30g Upon reaction with [AgPF6] 
however, a one-dimensional polymer of type B is obtained, while the reaction of 1,1’-(4-
dipyridinethio)ferrocene with [Mn(hfac)2] gave a one-dimensional polymer of type C. 30g  
Compounds of structural type D are of particular interest since the presence of at least two 
ferrocenyl units allows the study of their electronic interaction. The most simple compound in 
this respect is biferrocene [(η5-C5H5)Fe(η5-C5H4)-(η5-C5H4)Fe(η5-C5H5)]. For biferrocene, 
cyclovotammetric studies show two well separated oxidation steps with a potential difference 
between the first [Fe(II)-Fe(II) → Fe(II)-Fe(III)] and second oxidation [Fe(II)-Fe(III) → 
Fe(III)-Fe(III)] of 330 mV. 31 The first oxidation is facilitated by 0.09 V as compared to the 
oxidation of ferrocene itself, proving the electron donating nature of ferrocene and hence, 
electronic interaction of the two ferrocenyl moieties results in a stabilization of the oxidized, 
mixed-valence species. 











































Fig. 10: Examples of structural type A to D compounds. 30 





The degree of interaction between two or more ferrocene units strongly depends on the 
distance between them and on the presence of a suitable pi-conjugated spacer. For example, in 
trimetallic ferrocenyl-terpyridine and pentametallic ferrocenyl-phenantroline compounds (Fig. 
11) no electronic interaction of the ferrocenes could be observed resulting in a single 
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Fig. 11: Selected examples of type D compounds. 32 
 
Nevertheless, such compounds possess other remarkable properties making them useful as 




After the discovery of ferrocene numerous other transition metal sandwich compounds were 
discovered. 33 Due to their application in catalytic industrial processes including, for example, 
polymerization of α-olefins, 2 hydroboration, 3 oxidation, 4 and carbonyl coupling reactions, 5 
group-4 sandwich compounds play an important role. 




In contrast to ferrocene, titanocenes are usually not used in form of their homoleptic 
sandwich compounds, i.e. “Cp2Ti”, but in form of for example distorted tetrahedral bis-
cyclopentadienyltitaniumdihalides such as {Ti}Cl2 ({Ti} = (η5-C5H5)2Ti). One or both of the 
chlorides can be substituted by other nucleophiles. For example, the reaction of {Ti}Cl2 with 
Al2Me6 gives the bimetallic Tebbe reagent (Fig. 12), a versatile compound for the 





















Ti CH2 ½ Cl2Al2Me4+
Fig. 12: Tebbe's reagent. 34 
 
The titanium(IV) ion in titanocenes is a Lewis acid, making it an ideal organometallic 
electron acceptor candidate (vide supra). For example, Back and Lang reported on 
{Ti}(CH2SiMe3)(C≡CFc) ( 
Fig. 10) which shows a by 400 mV lowered Ti(IV)/Ti(III) redox potential as compared to 
{Ti}(CH2SiMe3)(Cl) and a Fe(II)/Fe(III) redox potential of the ferrocene moiety shifted by 80 
mV to negative potential values as compared to ferrocene. 30c This can be explained by a 
partial electron transfer from the ferrocene to the titanocene, thereby aggravating the titanium 
reduction and facilitating the ferrocene oxidation. A similar influence of the number of methyl 
groups in titanocene dichlorides of type (η5-C5H5-nMen)2TiCl2 (n = 0 – 5) on the reduction 
potentials was reported by Mach showing an average potential shift of 0.095 V per methyl 
group. 6 
This high sensitivity of the Ti(IV)/Ti(III) reduction of titanocenes toward different 
substitution patterns allows the preparation of compounds with a “tailor-made” electron 
density at the titanium, which is necessary, for example, for the fine-tuning of such 




Over the last years, the manifold coordination chemistry of the potentially η3-chelating, 
monoanionic diphosphino-, disulfido- and related diaminoaryl pincers toward different 
transition metal ions has been intensively investigated. 35  




The aromatic pincer molecule comprises of two substituents in meta-position toward each 
other. The substituents may bear N-, S- or P-donor groups (E), which together with the 
monoanionic phenyl group allow chelation of a metal center M upon formation of two 5-
membered metallacycles. This gives rise to an enhanced stability of the respective transition 
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Fig. 13: Schematic representation of pincer-molecules. 
 
Pincer compounds are known to be active catalysts in several reactions such as the 
enantioselective aldol condensation of benzaldehyde with methyl isocyanoacetate. 36 The 
synthesis and study of pincer complexes functionalized in para-position (Z) in respect to M 
opens the possibility to prepare larger molecules with specific physical and chemical 
properties. It likewise enables to fine-tune the electron density at M. 36e, 37  
The influence of Z on the electronic properties of M could impressively be shown with 
para-nitro substituted NCN-pincer complexes (Fig. 14). 38  
The strong electron withdrawing nitro group in O2N-NCN-PdCl makes the palladium(II) ion 
more Lewis acidic. Hence, its empty pz orbital interacts with the filled pi-orbitals of the nitro 
substituent, thereby forming dimers in the solid state via self-assembly. 38 
Related interactions of the transition metal in pincer complexes with other molecules have 
been reported by van Koten et al. 9 It was found that platinum(II) NCN-pincer complexes 
reversibly absorb SO2. For example, colourless and in the solid state polymeric (HO-NCN)-
PtCl absorbs gaseous SO2 to form orange colored crystals of (HO-NCN)-Pt(Cl)(SO2) (Fig. 
15). This color change is combined with a change of the electron density at the NCN-pincer 
unit. 


















































Fig. 15: Reversible SO2 absorption of platinum(II) NCN-pincer complexes. 9 
 
Contrary to the dimeric para-nitro substituted NCN-pincer complexes (vide supra) an 
interaction of Lewis basic platinum(II) with Lewis basic SO2 is assumed. 
 
With the effect of the para-substituent Z on the electronic properties of the transition metal 
M being demonstrated 37, 38 and the modification in the coordination sphere around M, for 
example by addition of Lewis acids, the para-substituent Z should also be sensitive to a 
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Titanium compounds play an important role in industrial processes including homogeneous 
catalysis, for example, polymerization of α-olefins, C1 hydroboration, C2 oxidation, C3 and 
carbonyl coupling reactions. C4, C5 For the development and optimization of homogeneous 
catalysts it is necessary to fine-tune the electronic properties of the active metal atom by 
appropriately functionalized ligands, whereby an electronic interaction between the 
substituent(s) via the ligand(s) with the metal center is essential. C6 
Although bis(cyclopentadienyl)titanium-oxo compounds are known for quite some years, 
the primary focus has been directed on their preparation. C8 - 15 However, only less is known 
about the electrochemical behavior of alkyloxy and aryloxy titanocenes. C7 In general, 
titanium-oxygen bonds are with ca. 1.85 Å C8, C9 unusual short, and the Ti-O-Ti bond angles 
are with ≈170 ° almost linear. C10 These data suggest a partial Ti-O pi-bond which should 
facilitate an electronic interaction between titanium and the respective terminal groups R with 
their diverse functionalities. C9 
We here report on the synthesis, characterization, structural features and electrochemical 
behavior of the mononuclear bent sandwich complexes [Ti](Cl)(OR) (R = Me, CH2PPh2, 
CH2Fc, C6H5, C6H4-4-C≡N‡, C6H4-4-NO2, C6H4-4-Me, C6H4-4-OMe, C6H4-4-C(O)Me, C6H4-
4-CO2Me, C6H4-3-NO2; [Ti] = (η5-C5H4SiMe3)2Ti; Fc = (η5-C5H4)(η5-C5H5)Fe) and 
[Ti](OC6H4-4-NO2)2 as well as the homobimetallic titanocenes ([Ti](Cl))2(µ-OC6H4O) and 
([Ti](Cl)(µ-OC6H4-4))2, respectively. In the latter molecules two [Ti]Cl moieties are 
connected by either a OC6H4O or a OC6H4C6H4O bridging unit.  
 
 
                                                 
‡





2. Results and discussion 
2.1. Synthesis and spectroscopy 
General synthetic methodologies for the preparation of alkyloxy- and aryloxy-functionalized 
titanocenes of type {Ti}(Cl)2-n(OR)n ({Ti} = (η5-C5H5)2Ti; R = alkyl, aryl; n = 1, 2) include 
the reaction of {Ti}Cl2 with acidic compounds such as alcohols or carboxylic acids in 
presence of a base. C8, C11 Care must be taken since from {Ti}Cl2 one of the cyclopentadienyl 
annulenes can be replaced by a RO ligand to give the half-sandwich complexes (η5-
C5H5)Ti(Cl)3-n(OR)n (n = 1, 2, 3) depending on the reaction conditions applied. C12 As suitable 
base most commonly Et3N is used but inorganic bases like NaHCO3 and NaNH2, respectively, 
are also favored. C8 – 12 Another straightforward access to alkyloxy- and aryloxy-titanocenes is 
given by the reaction of methyl-titanocene chlorides or dimethyl-titanocenes with alcohols or 
carboxylic acids, whereby methane is evolved as only further product. C13, C14 The formation 
of quinonide bridged homodinuclear titanocenes can be realized by the reaction of 
titanium(III) precursors such as (η5-C5Me5)2TiCl with benzoquinone as reported by Roesky 
and coworkers. C15 
 
Following the first synthesis approach we prepared a series of different alkyloxy- and 
aryloxy-titanocene chlorides of type [Ti](Cl)(OR) (R = Me (2), = CH2PPh2 (3), = CH2Fc (4), 
= C6H5 (5), = C6H4-4-C≡N (6), = C6H4-4-NO2 (7), = C6H4-4-Me (8), = C6H4-4-OMe (9), = 
C6H4-4-C(O)Me (10), = C6H4-4-CO2Me (11), = C6H4-3-NO2 (12); [Ti] = (η5-C5H4SiMe3)2Ti; 
Fc = (η5-C5H4)(η5-C5H5)Fe) by treatment of [Ti]Cl2 (1) with the alcohols ROH (R = Me, 
CH2PPh2, CH2Fc, C6H5, C6H4-4-C≡N, C6H4-4-NO2, C6H4-4-Me, C6H4-4-OMe, C6H4-4-
C(O)Me, C6H4-4-CO2Me, C6H4-3-NO2) in a 1:1 molar ratio in diethyl ether at room 
temperature (Table 1, Reaction 1). Instead of NEt3 more basic HNEt2 was chosen because this 
secondary amine allowed shorter reaction times, resulted in higher yields of titanocenes 2 – 
12, and, due to the formation of the less soluble ammonium salt [Et2NH2]Cl, a more efficient 





















Table 1. Synthesis of 2 – 12 from 1 and ROH. 
Compd. R Yield [%] a) 
2 Me 95 
3 CH2PPh2 74 
4 CH2Fc b) 89 
 
  
5 C6H5 87 
6 C6H4-4-C≡N 96 
7 C6H4-4-NO2 84 
8 C6H4-4-Me 95 
9 C6H4-4-OMe 94 
10 C6H4-4-C(O)Me 95 
11 C6H4-4-CO2Me 98 
12 C6H4-3-NO2 91 
a) Based on 1. b) Fc = (η5-C5H4)(η5-C5H5)Fe. 
 
After appropriate work-up, titanocene chlorides 2 – 12 could be isolated as orange (4, 10 - 
12), red (2, 3, 5 - 8) or purple (9) solids in very good to excellent yield (Table 1). They 
dissolve in polar organic solvents including diethyl ether, tetrahydrofuran and 
dichloromethane. These compounds are fairly stable to air and oxygen but sensitive toward 
acids. 
 
In the synthesis of [Ti](Cl)(OC6H4-4-NO2) (7) always reaction mixtures were obtained 
consisting the mono-aryloxy titanocene chloride 7 and traces of the appropriate bis(aryloxy) 
titanium complex [Ti](OC6H4-4-NO2)2 (13) (Experimental Part). This is inexplicable because 
in all other cases (vide supra) even by using an excess of the alcohol component the formation 
of mono-alkyloxy and -aryloxy titanocenes was favored over the dialcoholate species. Pure 7 
could only be isolated, when a slight excess of 1 was used, which could easily be separated 
from 7 by fractional crystallization at low temperature. The bis(aryloxy) titancene 13 could be 





ratio and using Et2NH as base (Reaction 2). After appropriate work-up, organometallic 13 



















The Et2NH/diethyl ether reaction media could also successfully be applied for the synthesis 
of homodinuclear titanium compounds as outlined in Reaction 3. In the thus formed 
compounds ([Ti](Cl))2(µ-OC6H4O) (14) and ([Ti](Cl)(µ-OC6H4-4))2 (15) two [Ti]Cl units are 
connected by a OC6H4O or a OC6H4C6H4O bridging moiety. These molecules could be 





















1 14: n = 1
15: n = 2
(3)
 
The 1H NMR spectra of 2 – 15 show the expected resonance signals and coupling patterns. 
[8] Noteworthy is that in the 1H NMR spectra of 2, 3, 5 - 12 and 15 the cyclopentadienyl ring 
protons split into two pairs of doublets-of-triplets, which differs from the spectrum of 1, 
where two pseudo-triplets are characteristic (6.56 and 6.78 ppm; AA’XX’ spin system, JHH = 
1.8 Hz). C16 This can be explained by a lower symmetry, when going from 1 with a distorted 
tetrahedral A2X2 substituent pattern at Ti to an A2BC pattern for 2 - 12, 14 and 15. 
Exemplary, the chemical shift window of the cyclopentadienyl part of the 1H NMR of 6 is 
depicted in Figure 1. The resonances at 6.53 and 6.71 ppm can be assigned to the α-positioned 
cyclopentadienyl ring protons with coupling constants of 3JHH = 3 Hz and 4JHH = 1.9 Hz, 
respectively, while at 6.39 and 6.43 ppm the resonance signals for the β-positioned protons 










Figure 1. Resonance signals of the cyclopentadienyl ring protons in the 1H NMR spectrum 
of 6 (CDCl3, 250.12 MHz, rel. SiMe4: δ = 0.00 ppm, CDCl3 solvent reference 
signal: δ = 7.26 ppm, 25 °C). 
 
The successful formation of organometallic 2 - 15 could additionally be monitored by 
13C{1H} NMR spectroscopy. The quaternary Ti-O-C carbon atom, for example, upon 
formation of 6, is shifted by ca. 12 ppm to lower field as compared to the starting material 4-
hydroxybenzonitrile and is found at 173.4 ppm. 
 
In the IR spectrum of 10 a νCO absorption band is observed at 1673 cm-1 (for comparison, 
the νCO of 4'-methoxyacetophenone absorbs at 1668 cm-1). [17] This is also characteristic for 
11 (1712 cm-1; for comparison, methyl anisate absorbs at 1714 cm-1). The cyano group in 6 
shows its νC≡N frequency at 2220 cm-1 (i. e., para-methoxybenzonitrile νC≡N = 2219 cm-1). C17 
The nitro group in 7, 12 and 13 consists of two identical N-O bonds for which symmetrically 
and asymmetrically vibrations are characteristic, i. e. the asymmetric band is found as strong 
absorption between 1500 – 1530 cm-1 for nitrobenzene. C18 In 12, where the NO2 functionality 
is meta-positioned, the asymmetric νNO vibration was found at 1526 cm-1. However, for 7 and 
13, which feature para-nitrobenzene units, the appropriate νNO is shifted to higher 
wavenumbers (7: 1582 cm-1, 13: 1581 and 1587 cm-1) explainable by benzenes substituted 
with strong electron-withdrawing groups. C18b The occurrence of two asymmetric νNO bands 
for 13 is in accordance with its structure in the solid state (Figure 9). Other characteristic 
vibrations for 2 – 15 are observed in the expected ranges (Experimental Part). C18b  
 





2.2. Cyclic Voltammetry 
To study the effect of electron-withdrawing and electron-donating substituents at the 
benzene groups as well as the consequence of continuous and discontinuous pi-conjugation the 
series of prepared alkyloxy- and aryloxy titanocenes 2 – 15 (vide supra) were subjected to 
cyclic voltammetric measurements in tetrahydrofuran at 25 °C. The introduction of diverse 
substituents in para and meta position at the benzene core should allow to carry out 
comparative studies of the electronic properties on the titanium atoms. 
In general, titanium(IV) compounds show reversible [Ti(IV)/Ti(III)] redox couples. C19, C20 
However, this could only be observed for organometallics 1 – 3, while 4 - 15 possess 
irreversible reductions as summarized in Table 2. 
 
Table 2. Electrochemical data of 1 - 15 a). 
Comp. Ered(Ti) [V] E0,red [V] (∆Ep [V]) Ered [V] Eox [V] 
E0,ox [V] 
(∆Ep [V]) 
1 -1.50b) -1.45 (0.10)     
 
       
2 -1.42b) -1.33 (0.18) -2.02, -2.60    
3 -1.44b) -1.34 (0.20) -2.53, -3.07 +0.43   
4 -1.44     - 2.03  -0.03 (0.17) 
 
       
5 -1.80     -2.38, -2.81    
6 -1.61     -2.06    
7 -1.65     -2.24, -2.74    
8 -1.80   -2.40    
9 -1.86   -2.44  +0.53 (0.26) 
10 -1.57   -1.90, -2.12    
11 -1.60   -2.64    
12 - 1.81   - 1.99, - 2.22    
 
       
13 - 1.64   - 2.69    
 
       
14 - 1.37   - 1.87, -2.92 + 0.76 + 0.28 (0.20) 
15 - 1.49   - 2.17  + 0.50 (0.29) 
a) 10-3 M solutions in tetrahydrofuran at 25 °C, [n-Bu4N]PF6 supporting electrolyte (0.1 M), 
argon, scan rate = 0.2 V s-1. All potentials are referenced to the FcH/FcH+ redox couple (Fc = 
(η5-C5H5)2Fe) with E0 = 0.00 V. Ered(Ti) = wave maxima of the 1st titanium reduction. E0,red = 
potential of the [Ti(IV)/Ti(III)] redox couple with peak-to-peak separation ∆Ep. Ered = wave 
maxima of the 2nd and 3rd irreversible titanium reduction. Eox = wave maxima of the 





separation ∆Ep. b) Although the [Ti(IV)/Ti(IV)] redox couple is reversible, for comparative 
reasons the potential of the reduction wave is additionally listed. 
 
The introduction of an alkyloxy substituent in 2 - 4 results in a shift of the [Ti(IV)/Ti(III)] 
potential by about 0.10 V to more positive values as compared to 1, which can be explained 
by the somewhat stronger electron-withdrawing properties of the RO groups (R = Me, 
CH2PPh2, CH2Fc) (Table 2). Since these potentials occur at practically the same value (-1.42, 
-1.44 V) it can be concluded that there is no electronic influence of the alkyloxy groups R 
onto the titanium(IV) ion. Additionally, for 3 an irreversible oxidation wave was found at 
+0.43 V which most likely can be assigned to the oxidation of the phosphorus atom. Similar 
observations were made for phosphane-functionalized ferrocenes and, for example, i-Pr3P. C21 
The heterobimetallic molecule 4 shows next to the reduction potential at -1.44 V 
([Ti(IV)/Ti(III)]) a reversible one-electron [Fe(II)/Fe(III)] oxidation at -0.03 V (∆E = 0.17 V) 
which can be assigned to the ferrocene unit. C22 This potential is thereby not shifted, when 
compared to hydroxylmethylferrocene, which is in accordance with the [Ti(IV)/Ti(III)] 
couple. C23  
 
For the aryloxy-substituted titanocenes 5 - 15 the Ti(IV)/Ti(III) reductions vary in a 500 mV 
window (Table 2). To study the influence of the substituents of 5 – 13 vs. the 1st titanium-
centered reduction, these values were plotted against the σp/m Hammett substituent constants 
reported by Taft (Figure 2). C24 
 
 
Figure 2. Correlation between the Ti(IV)/Ti(III) reduction potentials and the σ Hammett 
substituent constants. 
 























As it can be seen from Figure 2 the [Ti(IV)/Ti(III)] reductions of 5 – 13 show a modest 
correlation with the σp/m Hammett constants. A similar dependence of the reduction potentials 
was reported by Langmaier et al. for methyl-substituted titanocene dichlorides of type (η5-
C5H5-nMen)2TiCl2 (n = 0 – 5) showing an average shift of the 1st reduction per one methyl 
group of 0.095 V. C25 It must be noted that the titanium-centered reductions of 5 - 15 originate 
from irreversible reductions which cannot be measured and compared as accurately as fully 
reversible electrochemical processes. With this uncertainty in mind we propose a direct 
dependence of the nature of the aryl-substituent on the [Ti(IV)/Ti(III)] reduction via the 
phenolic oxygen atom. Hence, the electronic configuration of the titanium ion can be 
predicted by selecting appropriately substituted phenols. Exemplary, the cyclic 
voltammogram of 9 is depicted in Figure 3.  
 
 
Figure 3. Representation of the cyclic voltammogram of 9 (10-3 M solutions in 
tetrahydrofuran at 25 °C, [n-Bu4N]PF6 supporting electrolyte (0.1 M), argon, 
scan rate = 0.2 V s-1; all potentials are referenced to the FcH/FcH+ redox couple 
with E0 = 0.00 V [23, 24]). 
 
In addition to the titanium-centered reduction for 9, 14 and 15 (vide supra) a oxidation wave 
was observed at 0.53 V (∆E = 0.26 V) for 9, 0.28 V (∆E = 0.20 V) for 14, and 0.50 V (∆E = 
0.29 V) for 15 which can be assigned to an oxidation of the hydroquinone (9, 14) and 1,1’-
dihydroxybiphenyl (15) moieties, respectively. C26, C27 Remarkably, these compounds can be 
















series of ([Ti](Cl))n(µ-OC6H4O-1,4)Me2-n (n = 0 - 2), 1,4-dimethoxybenzene (n = 0) shows a 
reversible oxidation at +0.90 V (∆E = 0.07 V). C26, C28 Exchange of one methyl group by a 
[Ti]Cl unit (9, n = 1) shifts the oxidation potential by 0.37 V to more negative values. A 
second replacement (14, n = 2) leads to a further shift of 0.25 V. The magnitude of the shift is 
very notable, since, for example, in {Ti}C≡CFc ({Ti} = (η5-C5H5)2Ti(CH2SiMe3)) the 
ferrocene oxidation is only facilitated by 0.08 V as compared to HC≡CFc. C29 Therefore, it 
can be concluded that in 9, 14 and 15 an effective resonance stabilization of the oxidized 
species (radical cation) takes place. 
The 2nd and hence, irreversible oxidation wave found for 14 at 0.76 V can be assigned to the 
further oxidation of the hydroquinone radical to a dication as reported by Parker et al. for 1,4-
dimethoxybenzene. C26a However, this 2nd oxidation was not observed for 9 and 15, most 
probably due to the electrochemical window of tetrahydrofuran used as solvent during the 
studies.  
 
2.3. Structures of 4, 5, 9, and 11 - 13 in the solid state  
Single crystals of 4, 5, 9, and 11 - 13 suitable for X-ray structure analysis were obtained by 
slow evaporation of diethyl ether solutions containing the corresponding compounds at -30 
°C. The molecular structures are shown in Figures 4 – 9. Geometric details are given in the 
legends of these Figures, the respective crystal and intensity collection data are summarized in 




Figure 4. Displacement ellipsoid plot (50 % probability level) of the molecular structure of 4 





Selected bond distances (Å), angles (°), and torsion angels (°): Ti1-Cl1, 2.395(3); 
Ti1-O1, 1.849(4); O1-C17, 1.415(5); D1-Ti1, 2.070(4); D2-Ti1, 2.064(3); D3-Fe1, 
1.637(3); Ti1-O1-C17, 132.5(3); Cl1-Ti1-O1, 90.9(1); D1-Ti1-D2, 129.7(1); D3-
Fe1-D4, 178.4(2); Ti1-O1-C17-C18, 146.6(3). D1, D2: centroids of the titanocene 
cyclopentadienyl ligands (D1 = C1 – C5, D2 = C9 – C13). D3, D4: centroids of the 





Figure 5. Displacement ellipsoid plot (50 % probability level) of the molecular structure of 5 
with the atom numbering scheme. (The hydrogen atoms are omitted for clarity). 
Selected bond distances (Å), angles (°), and torsion angels (°): Ti1-Cl1, 2.3964(6); 
Ti1-O1, 1.896(1); O1-C17, 1.355(2); D1-Ti1, 2.082(1); D2-Ti1, 2.085(1); Ti1-O1-
C17, 137.5(1); Cl1-Ti1-O1, 93.06(4); D1-Ti1-D2, 130.3(1); Ti1-O1-C17-C18, -
49.9(3). D1, D2: centroids of the titanocene cyclopentadienyl ligands (D1 = C1 – 








Figure 6. Displacement ellipsoid plot (50 % probability level) of the molecular structure of 9 
with the atom numbering scheme. (The hydrogen atoms are omitted for clarity). 
Selected bond distances (Å), angles (°), and torsion angels (°): Ti1-Cl1, 2.3854(8); 
Ti1-O1, 1.880(2); O1-C1, 1.346(3); O2-C4, 1.376(3); D1-Ti1, 2.092(1); D2-Ti1, 
2.091(1); Ti1-O1-C1, 147.4(2); Cl1-Ti1-O1, 98.9(5); D1-Ti1-D2, 130.2(1); Ti1-O1-
C1-C2, 3.7(4); C3-C4-O2-C7, 1.6(4). D1, D2: centroids of the titanocene 
cyclopentadienyl ligands (D1 = C8 – C12, D2 = C16 – C20). 
 
 
Figure 7. Displacement ellipsoid plot (50 % probability level) of the molecular structure of 11 
with the atom numbering scheme. (The hydrogen atoms are omitted for clarity). 
Selected bond distances (Å), angles (°), and torsion angels (°): Ti1-Cl1, 2.3683(9); 





C1, 143.3(1); Cl1-Ti1-O1, 94.10(5); D1-Ti1-D2, 130.3(1); Ti1-O1-C1-C2, 37.1(3); 
C3-C4-C7-O3, 168.0(2); C4-C7-O3-C8, -178.5(2). D1, D2: centroids of the 
titanocene cyclopentadienyl ligands (D1 = C9 – C13, D2 = C17 – C21). 
 
 
Figure 8. Displacement ellipsoid plot (30 % probability level) of the molecular structure of 12 
with the atom numbering scheme. The nitro group is disordered and has been 
refined to split occupancies of 0.42 / 0.58. (The hydrogen atoms and one disordered 
nitro group are omitted for clarity). Selected bond distances (Å), angles (°), and 
torsion angels (°): Ti1-Cl1, 2.3780(8); Ti1-O1, 1.895(2); O1-C17, 1.336(3); N1-
C19, 1.473(4); D1-Ti1, 2.093(1); D2-Ti1, 2.077(1); Ti1-O1-C17, 145.9(2); Cl1-Ti1-
O1, 95.2(6); D1-Ti1-D2, 131.2(1); Ti1-O1-C17-C18, 56.4(4); C18-C19-N1-O2, 
20.7(2); C18-C19-N1-O2', -19.2(2). D1, D2: centroids of the titanocene cyclo-
pentadienyl ligands (D1 = C1 – C5, D2 = C9 – C13). 
 
 
Figure 9. Displacement ellipsoid plot (50 % probability level) of the molecular structure of 13 





Selected bond distances (Å), angles (°), and torsion angels (°): Ti1-O1, 1.913(2); 
Ti1-O2, 1.918(2); O1-C17, 1.324(3); O4-C23, 1.327(3); N1-C20, 1.451(3); N2-
C26, 1.459(4); D1-Ti1, 2.087(2); D2-Ti1, 2.085(2); Ti1-O1-C17, 150.3(2); Ti1-O4-
C23, 140.4(2); O1-Ti1-O4, 95.5(1); D1-Ti1-D2, 130.9(1); Ti1-O1-C17-C18, 9.3(5); 
Ti1-O4-C23-C24, 42.4(4); C19-C20-N1-O3, 160.7(3); C25-C26-N2-O5, 173.2(3). 
D1, D2: centroids of the titanocene cyclopentadienyl ligands (D1 = C1 – C5, D2 = 
C9 – C13). 
 
Molecules 4, 5, 9, and 11 - 13 show a distorted tetrahedral coordination geometry at 
titanium set-up by two C5H4SiMe3 groups, a chloride and an oxygen atom (4, 5, 9, 11 and 12) 
or two oxygen atoms (13). As characteristic for other titanocene complexes the Ti1-D1 and 
Ti1-D2 separations (D1, D2 = centroids of the cyclopentadienyl ligands) are found between 
2.064(3) (D2-Ti1 in 4) and 2.093(1) Å (D1-Ti1 in 12), and the D1-Ti1-D2 angles are ranging 
from 129.7(1) (4) to 131.2(1) ° (12). C30 The relative positions of the SiMe3 groups toward 
each other differ to a great extent. An almost eclipsed conformation is found in 9, while for 4, 
5 and 11 completely staggered and for 12 and 13 partially staggered conformations are 
typical.  
The O1-Ti1-O4 bite angle in 13 is 95.5(1) °, while the O-Ti-Cl one in 4, 5, 9, 11 and 12 is 
found between 90.9(1) (4) and 98.9(5) ° (9). This shows that there is no significant steric 
effect on the titanium atom resulting from the substituents RO vs. Cl. 
The Ti-O distances are located between 1.880(2) Å for 9 and 1.918(2) Å for 13. Compared 
with previously reported dTi-O values of 1.855(2) Å for (η5-C5H5)2Ti(OEt)(Cl) [30a], 1.835(2) 
Å for (η5-C5H5)2Ti(OMe)(C≡N), C30b or 1.860(5) Å for (η5-C5H5)Ti(µ-OC6H3-2-PPh2-6-t-
Bu)Cl2 C32 the Ti-O bonds appear to be slightly elongated, which is consistent with the 
presence of a somewhat lower Ti←O pi-donation and a decreased bond order in 4, 5, 9, and 11 
- 13. C31, C32 
The aryloxy-titanocenes 9 and 11 - 13 possess functional groups such as MeO, MeO2C, and 
NO2 at the phenoxy entity. For all compounds the electron-donating (9: 4-OMe) or electron-
withdrawing moieties (11: 4-CO2Me, 12: 3-NO2, 13: 4-NO2) are almost coplanar to the plane 
spanned by the phenyl ring (for selected torsion angles see Figure 5 - 9), thus assuring optimal 
electronic overlapp between these units. This can further be confirmed by comparing the Caryl-
Nnitro bond distances in 12 and 13 (Figures 8 and 9). The nitro group in 12 is in meta-position 
and shows a distance of d(N1-C19) = 1.473(4) Å, while in 13 the two carbon-nitrogen bonds 





1,4-benzoquinone-like resonance structure in 12 and 13, and thus, an electronic interaction 
between the [Ti](Cl)- and para-NO2 groups. An electronic interaction between titanium and 
the aryl group is further verfied by an increased hybridization of the oxygen atom resulting in 
significantly larger Ti-O-C angles (Figure 4 - 9) in 9, and 11 - 13 (143.3(1) to 150.3(2) °) as 
compared to 4 (132.5(3) °) and a higher bond order of one of the two Caryl-O σ-bonds in 9, 
whereby the O1-C1 separation next to titanium is by 0.03 Å shorter than the O2-C4 one 
(d(O1-C1) = 1.346(3) Å, d(O2-C4) = 1.376(3) Å). 
In contrast to mononuclear 5, 9, and 11 - 13 in 4 a ferrocenyl moiety is present as a second 
organometallic unit. This entity shows geometric features that resemble to the structural data 
characteristic for ferrocenes. C33 
 
3. Conclusion 
Alkyloxy- and aryloxy-titanocene chlorides of type [Ti](Cl)(OR) (R = Me, CH2PPh2, 
CH2Fc, C6H5, C6H4-4-C≡N, C6H4-4-NO2, C6H4-4-Me, C6H4-4-OMe, C6H4-4-C(O)Me, C6H4-
4-CO2Me, C6H4-3-NO2; [Ti] = (η5-C5H4SiMe3)2Ti; Fc = (η5-C5H4)(η5-C5H5)Fe) were 
synthesized in high yield by reacting [Ti]Cl2 with the respective alcohols ROH in a 1:1 molar 
ratio and in presence of Et2NH. In addition, the synthesis of diaryloxy-titanocenes (i. e., 
[Ti](OC6H4-4-NO2)2) is reported by changing the ratio of 1 and ROH to 1:2. This synthesis 
methodology also allows the preparation of dinuclear complexes of composition ([Ti](Cl))2(µ-
OC6H4O) and ([Ti](Cl)(µ-OC6H4-4))2, respectively. Cyclic voltammetric studies showed no 
influence of the nature of the alkyloxy substituent on the electronic properties of the 
titanium(IV) ion. In contrast, for the phenol-substituted titanocenes a strong influence was 
observed and the [Ti(IV)/Ti(III)] reduction potentials can be correlated with the σp/m Hammett 
substituent constants. Aryloxy titanocenes, featuring a hydroquinone unit as given in 
[Ti](Cl)(OC6H4-4-OMe) or ([Ti](Cl))2(µ-OC6H4O), can be easier oxidized than the related 
dimethoxy ether or 1,4-dimethoxybenzene functionalized ones, which suggest an effective 
resonance stabilization of the oxidized species.  
Cyclic voltammetry, IR and solid state data point to an electron transfer via the oxygen atom 
between the aryloxy group and the Ti(IV) ion. Furthermore, it is possible to predict the 







4. Experimental Section 
4.1. General Methods.  
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene and n-hexane were purified by 
distillation from sodium/ benzophenone ketyl. MeOH was purified by distillation from 
magnesium. Et2NH and Et3N were dried by distillation from KOH. NMR spectra were 
recorded with a Bruker Avance 250 spectrometer (1H NMR at 250.12 MHz, 13C{1H} NMR at 
62.86 MHz and 31P{1H} NMR at 101.20 MHz) in the Fourier transform mode. Chemical 
shifts are reported in δ units (parts per million) downfield from tetramethylsilane (δ = 0.0 
ppm) with the solvent as the reference signal (CDCl3: 1H NMR, δ = 7.26 ppm; 13C{1H} NMR, 
δ = 77.0 ppm). 31P{1H} NMR  spectra were recorded with P(OMe)3 (δ = 139.0 ppm) as 
external reference rel. to H3PO4 (δ = 0.0 ppm). Cyclic voltammograms were recorded in a 
dried cell purged with argon at 25 °C. Platinum wires served as working and as counter 
electrode. A saturated calomel electrode served as reference electrode. For ease of 
comparison, all electrode potentials are converted using the redox potential of the ferrocene-
ferrocenium couple FcH/FcH+ (FcH = (η5-C5H5)2Fe) as the reference (E0 = 0.00 V). C34 
Electrolyte solutions were prepared from [n-Bu4N]PF6 (dried in oil-pump vacuum at 120 °C, c 
= 0.1 M) and freshly distilled tetrahydrofuran. The respective organometallic complexes were 
added at c = 1 mM. Cyclic voltammograms were recorded at a scan rate of 100 mV s-1 using a 
Radiometer Copenhagen DEA 101 Digital Electrochemical Analyzer with an IMT 102 
Electrochemical Interface. Melting points were determined using sealed nitrogen purged 
capillaries on a Gallenkamp melting point apparatus. Microanalyses were performed by the 
Department of Organic Chemistry at Chemnitz, Technical University. 
 
4.2. General Remarks.  
[Ti]Cl2 (1), C35 HOCH2PPh2, C36 and HOCH2Fc C37 were prepared following published 
procedures. All other chemicals were purchased from commercial sources and were used 
without any further purification. 
 
 
4.3. Synthesis of [Ti](Cl)(OMe) (2) 
500 mg (1.27 mmol) of [Ti]Cl2 (1) and 41 mg (1.28 mmol) of methanol were dissolved in 
150 mL of diethyl ether and 0.20 mL of Et2NH were added in a single portion. The reaction 





eluate under reduced pressure gave 470 mg (1.21 mmol, 95% based on 1) of the title 
compound as a red solid. 
 M.p.: [°C] 156 (dec.). 1H NMR (CDCl3): [δ] 0.21 (s, 18 H, SiMe3), 4.17 (s, OCH3), 6.34 (dt, 
4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.37 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, 
C5H4), 6.47 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 6.58 (dt, 3JHH = 3.00 Hz, 4JHH = 
1.90 Hz, 2 H, C5H4). 13C{1H} NMR (CDCl3): [δ] –0.3 (SiMe3), 70.4 (OCH3), 116.8 
(CH/C5H4), 117.1 (CH/C5H4), 123.1 (CH/C5H4), 126.1 (CH/C5H4), 128.8 (iC/C5H4). Anal. 
calc. for C17H29ClOSi2Ti (388.90): C, 52.50; H, 7.52. found: C, 52.20; H, 7.24. 
 
 
4.4. Synthesis of [Ti](Cl)(OCH2PPh2) (3) 
To 1.71 g (4.35 mmol) of [Ti]Cl2 (1) and 940 mg (4.35 mmol) of HOCH2PPh2 dissolved in 
300 mL of diethyl ether were added in a single portion 0.60 mL of Et2NH. This reaction 
solution was stirred for 5 h at 25 °C. Filtration through a pad of Celite and evaporation of all 
volatile materials in oil-pump vacuum gave 1.85 g (3.23 mmol, 74% based on 1) of 3 in form 
of a red-brown solid. 
 M.p.: [°C] 142 (dec.). 1H NMR (CDCl3): [δ] 0.26 (s, 18 H, SiMe3), 5.26 (d, 2JPH = 7.11 Hz, 
2 H, CH2), 6.22 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.42 (dt, 4JHH = 1.90 Hz, 3JHH 
= 3.00 Hz, 2 H, C5H4), 6.47 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 6.54 (dt, 3JHH = 
3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 7.3 – 7.6 (m, 10 H, C6H5). 13C{1H} NMR (CDCl3): [δ] –
0.1 (SiMe3), 84.8 (CH2), 117.5 (CH/C5H4), 118.5 (CH/C5H4), 125.2 (CH/C6H5), 125.8 
(CH/C5H4), 127.3 (iC/C5H4), 128.2 (CH/C5H4), 128.4 (d, 3JCP = 14.0 Hz, CH/C6H5), 133.2 (d, 
2JCP = 17.5 Hz, CH/C6H5), 136.9 (d, 1JCP = 14.5 Hz, iC/C6H5). 31P{1H} NMR (CDCl3): -10.6 
(PPh2). Anal. calc. for C29H38ClOPSi2Ti (573.08): C, 60.78; H, 6.68. found: C, 60.43; H, 6.40. 
 
 
4.5. Synthesis of [Ti](Cl)(OCH2Fc) (4) 
To a solution of 400 mg (1.02 mmol) of [Ti]Cl2 (1) and 220 mg (1.02 mmol) of HOCH2Fc 
in 100 mL of diethyl ether were added 0.15 mL of Et2NH in a single portion. The reaction 
solution was stirred for 6 h at 25 °C and afterwards it was worked-up as described above. 
Yield: 520 mg (0.91 mmol, 89% based on 1) of 4; orange-brown solid. 
 M.p.: [°C] 166 (dec.). 1H NMR (CDCl3): [δ] 0.18 (s, 18 H, SiMe3), 4.1 (m, 9 H, Fc), 5.10 (s, 
2 H, CH2), 6.30 (pq, JHH = 2.4 Hz, 2 H, C5H4), 6.35 (pq, JHH = 2.4 Hz, 2 H, C5H4), 6.50 (pt, 





(CH/C5H5), 68.4 (iC/Fc), 69.1 (CH/Fc), 80.8 (CH2), 117.0 (CH/C5H4), 117.2 (CH/C5H4), 
124.2 (CH/C5H4), 125.7 (CH/C5H4), 127.7 (iC/C5H4). Anal. calc. for C27H37ClFeOSi2Ti 
(572.92): C, 56.60; H, 6.51. found: C, 57.04; H, 6.64. 
 
 
4.6. Synthesis of [Ti](Cl)(OPh) (5) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 500 mg (1.27 mmol) of [Ti]Cl2 (1), 120 mg (1.28 mmol) of phenol, 150 mL 
of diethyl ether, and 0.3 mL of Et2NH. Yield: 500 mg (1.11 mmol, 87% based on 1); red 
solid. 
M.p.: [°C] 111. 1H NMR (CDCl3): [δ] 0.24 (s, 18 H, SiMe3), 6.33 (dt, 4JHH = 1.9 Hz, 3JHH = 
3.0 Hz, 2 H, C5H4), 6.43 (dt, 4JHH = 1.9 Hz, 3JHH = 3.0 Hz, 2 H, C5H4), 6.56 (dt, 3JHH = 3.0 Hz, 
4JHH = 1.9 Hz, 2 H, C5H4), 6.65 (ddd, 3JHH = 9.0 Hz, 4JHH = 1.4 Hz, 4JHH = 1.1 Hz, 2 H, C6H5), 
6.69 (dt, 3JHH = 3.0 Hz, 4JHH = 1.9 Hz, 2 H, C5H4), 6.83 (tt, 3JHH = 7.3 Hz, 4JHH = 1.1 Hz, 1 H, 
C6H5), 7.22 (ddd, 3JHH = 9.0 Hz, 3JHH = 7.3 Hz, 4JHH = 3.2 Hz, 2 H, C6H5). 13C{1H} NMR 
(CDCl3): [δ] –0.2 (SiMe3), 114.4 (CH/C5H4), 116.8 (o-CH/C6H5), 118.2 (CH/C5H4), 119.9 (p-
CH/C6H5), 126.5 (CH/C5H4), 128.8 (iC/C5H4), 128.9 (CH/C5H4), 129.0 (m-CH/C6H5), 170.9 




4.7. Synthesis of [Ti](Cl)(OC6H4-4-C≡N) (6) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 3. 787 mg (2.00 mmol) of [Ti]Cl2 (1), 238 mg (2.00 mmol) of HOC6H4-4-C≡N, 
200 mL of diethyl ether, and 0.3 mL of Et2NH. Yield: 915 mg (1.92 mmol, 96% based on 1); 
orange solid. 
M.p.: [°C] 123. IR (KBr): [cm-1] 2220 (s) [νC≡N]. 1H NMR (CDCl3): [δ] 0.21 (s, 18 H, 
SiMe3), 6.39 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.43 (dt, 4JHH = 1.90 Hz, 3JHH = 
3.00 Hz, 2 H, C5H4), 6.53 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 6.67 (dd, 3JHH = 
6.79 Hz, 4JHH = 2.05 Hz, 2 H, C6H4), 6.71 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 
7.50 (dd, 3JHH = 6.79 Hz, 4JHH = 2.05 Hz, 2 H, C6H4). 13C{1H} NMR (CDCl3): [δ] –0.5 
(SiMe3), 101.1 (C-C≡N), 115.0 (CH/C5H4), 117.9 (CH/C6H5), 119.0 (CH/C5H4), 119.9 (C≡N), 









4.8. Synthesis of [Ti](Cl)(OC6H4-4-NO2) (7) 
The synthesis is identical with the one described for the preparation of 3 (393 mg (1.00 
mmol) of [Ti]Cl2 (1), 139 mg (1.00 mmol) of HOC6H4-4-NO2, 100 mL of diethyl ether, and 
0.15 mL of Et2NH). Traces of 1 can be removed by fractional crystallization from a solution 
of 1 and 7 in 20 mL of diethyl ether at -30 °C. Yield:  415 mg (0.84 mmol, 84% based on (1); 
red-brown solid. 
M.p.: [°C] 131 (dec.). IR (KBr): [cm-1] 1336 [νN-O, sym], 1489 (m) [νC-C, str], 1582 (s) [νN-O, 
asym]. 1H NMR (CDCl3): [δ] 0.21 (s, 18 H, SiMe3), 6.42 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 
H, C5H4), 6.46 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.55 (dt, 3JHH = 3.00 Hz, 4JHH 
= 1.90 Hz, 2 H, C5H4), 6.66 (dd, 3JHH = 9.2 Hz, 4JHH = 2.2 Hz, 2 H, C6H4), 6.73 (dt, 3JHH = 
3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 8.13 (dd, 3JHH = 9.2 Hz, 4JHH = 2.2 Hz, 2 H, C6H4). 
13C{1H} NMR (CDCl3): [δ] -0.3 (SiMe3), 115.1 (CH/C5H4), 117.2 (CH/C6H4), 119.2 
(CH/C5H4), 125.9 (CH/C6H4), 127.4 (CH/C5H4), 129.2 (CH/C5H4), 130.8 (iC/C5H4), 139.9 
(iC/C6H4), 175.6 (C-OTi). Anal. calc. for C22H30ClNO3Si2Ti (495.97): C, 53.28; H, 6.10; N, 
2.82. found: C, 52.90; H, 6.18; N, 2.82. 
 
 
4.9. Synthesis of [Ti](Cl)(OC6H4-4-Me) (8) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 108 mg (1.00 mmol) of HOC6H4-4-CH3, 
100 mL of diethyl ether, and 0.15 mL of Et2NH. Yield: 445 mg (0.95 mmol, 95% based on 1); 
red solid. 
 M.p.: [°C] 142. 1H NMR (CDCl3): [δ] 0.24 (s, 18 H, SiMe3), 2.29 (s, 3 H, C6H4CH3), 6.32 
(dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.42 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, 
C5H4), 6.55 (m, 4 H, C5H4, C6H4), 6.69 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 7.02 
(d, 3JHH = 8.2 Hz, 2 H, C6H4). 13C{1H} NMR (CDCl3): [δ] -0.2 (SiMe3), 20.6 (C6H4CH3), 
114.3 (CH/C5H4), 116.4 (CH/C6H4), 118.4 (CH/C5H4), 126.2 (CH/C5H4), 129.1 (CH/C5H4), 
129.4 (CH/C6H4), 128.4 (iC/C5H4), 128.8 (iC/C6H4), 169.1 (C-OTi). Anal. calc. for 







4.10. Synthesis of [Ti](Cl)(OC6H4-4-OMe) (9) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 200 mg (0.51 mmol) of [Ti]Cl2 (1), 63 mg (0.51 mmol) of HOC6H4-4-OMe, 
50 mL of diethyl ether, and 0.10 mL of Et2NH. Yield: 230 mg (0.48 mmol, 94% based on 1); 
purple solid. 
M.p.: [°C] 146. 1H NMR (CDCl3): [δ] 0.22 (s, 18 H, SiMe3), 3.81 (s, 3 H, OCH3), 6.31 (dt, 
4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.39 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, 
C5H4), 6.52 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 6.61 (dd, 3JHH = 9.3 Hz, 4JHH = 
3.0 Hz, 2 H, C6H4), 6.67 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 6.77 (dd, 3JHH = 9.3 
Hz, 4JHH = 3.0 Hz, 2 H, C6H4). 13C{1H} NMR (CDCl3): [δ] -0.2 (SiMe3), 55.6 (OCH3), 113.9 
(CH/C6H4), 114.5 (CH/C5H4), 117.1 (CH/C6H4), 118.4 (CH/C5H4), 125.9 (CH/C5H4), 128.3 
(iC/C5H4), 129.1 (CH/C5H4), 153.0 (iC/C6H4), 165.9 (C-OTi). 29Si{1H} NMR (CDCl3): [δ] –
5.74 (C5H4SiMe3). Anal. calc. for C23H33ClO2Si2Ti (467.01): C, 57.43; H, 6.92. found: C, 
57.54; H, 6.94. 
 
 
4.11. Synthesis of [Ti](Cl)(OC6H4-4-C(O)Me) (10) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 136 mg (1.00 mmol) of HOC6H4-4-
C(O)Me, 100 mL of diethyl ether, and 0.15 mL of Et2NH. Yield: 460 mg (0.95 mmol, 95% 
based on 1); orange-red solid. 
 M.p.: [°C] 117. IR (KBr): [cm-1] 1673 (s) [νC=O]. 1H NMR (CDCl3): [δ] 0.21 (s, 18 H, 
SiMe3), 2.55 (s, C(=O)CH3), 6.37 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.44 (dt, 
4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.55 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, 
C5H4), 6.64 (dd, 3JHH = 8.7 Hz, 4JHH = 2.0 Hz, 2 H, C6H4), 6.70 (dt, 3JHH = 3.00 Hz, 4JHH = 
1.90 Hz, 2 H, C5H4), 7.78 (dd, 3JHH = 8.7 Hz, 4JHH = 2.0 Hz, 2 H, C6H4). 13C{1H} NMR 
(CDCl3): [δ] –0.3 (SiMe3), 26.2 (C(=O)CH3), 114.7 (CH/C5H4), 116.9 (CH/C6H4), 118.8 
(CH/C5H4), 127.1 (CH/C5H4), 128.8 (iC/C6H4), 129.2 (CH/C5H4), 130.0 (iC/C5H4), 130.5 
(CH/C6H4), 174.7 (C-OTi), 197.0 (C=O). 29Si{1H} NMR (CDCl3): [δ] –5.53 (C5H4SiMe3). 







4.12. Synthesis of [Ti](Cl)(OC6H4-4-CO2Me) (11) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 152 mg (1.00 mmol) of HOC6H4-4-
CO2CH3, and 100 mL of diethyl ether, 0.15 mL Et2NH. Yield: 500 mg (0.98 mmol, 98% 
based on 1); orange solid. 
 M.p.: [°C] 119. IR (KBr): [cm-1] 1712 (s) [νC=O]. 1H NMR (CDCl3): [δ] 0.21 (s, 18 H, 
SiMe3), 4.16 (s, 3 H, OCH3), 6.36 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.44 (dt, 
4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.54 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, 
C5H4), 6.63 (dd, 3JHH = 6.79 Hz, 4JHH = 2.05 Hz, 2 H, C6H4), 6.70 (dt, 3JHH = 3.00 Hz, 4JHH = 
1.90 Hz, 2 H, C5H4), 7.98 (dd, 3JHH = 6.79 Hz, 4JHH = 2.05 Hz, 2 H, C6H4). 13C{1H} NMR 
(CDCl3): [δ] –0.2 (SiMe3), 51.7 (OCH3), 114.7 (CH/C5H4), 121.0 (iC/C6H4), 116.8 
(CH/C6H4), 118.7 (CH/C5H4), 127.0 (CH/C5H4), 129.2 (CH/C5H4), 129.9 (iC/C5H4), 131.4 
(CH/C6H4), 167.3 (C=O), 174.4 (C-OTi). 29Si{1H} NMR (CDCl3): [δ] –5.48 (C5H4SiMe3). 
Anal. calc. for C24H33ClO3Si2Ti (509.11): C, 56.63; H, 6.54. found: C, 56.39; H, 6.52. 
 
 
4.13. Synthesis of [Ti](Cl)(OC6H4-3-NO2) (12) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 3. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 139 mg (1.00 mmol) of HOC6H4-3-NO2, 
100 mL of diethyl ether, and 0.15 mL of Et2NH. Yield: Yield: 450 mg (0.91 mmol, 91% 
based on 1); orange solid. 
M.p.: [°C] 96 (dec.). IR (KBr): [cm-1] 1350 [νN-O, sym], 1473 (m) [νC-C, str], 1526 (s) [νN-O, 
asym]. 1H NMR (CDCl3): [δ] 0.22 (s, 18 H, SiMe3), 6.40 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 
H, C5H4), 6.44 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 2 H, C5H4), 6.55 (dt, 3JHH = 3.00 Hz, 4JHH 
= 1.90 Hz, 2 H, C5H4), 6.72 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 2 H, C5H4), 7.05 (ddd, 3JHH = 
8.1 Hz, 4JHH = 2.3 Hz, 4JHH = 1.0 Hz, 1 H, C6H4-4), 7.34 (t, 3JHH = 8.1 Hz, 1 H, C6H4-5), 7.37 
(t, 4JHH = 2.3 Hz, 1 H, C6H4-2), 7.67 (ddd, 3JHH = 8.1 Hz, 4JHH = 2.3 Hz, 4JHH = 1.0 Hz, 1 H, 
C6H4-6). 13C{1H} NMR (CDCl3): [δ] –0.3 (SiMe3), 111.5 (C2H/C6H4), 114.0 (C6H/C6H4), 
115.0 (CH/C5H4), 119.1 (CH/C5H4), 123.8 (C4H/C6H4), 127.2 (CH/C5H4), 128.9 (CH/C5H4), 
129.4 (iC/C5H4), 130.4 (C5H/C6H4), 149.0 (iC3H/C6H4), 170.2 (C-OTi). 29Si{1H} NMR 
(CDCl3): [δ] –5.37 (C5H4SiMe3). Anal. calc. for C22H30ClNO3Si2Ti (495.97): C, 53.28; H, 







4.14. Synthesis of [Ti](OC6H4-4-NO2)2 (13) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 3. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 290 mg (2.1 mmol) of HOC6H4-4-NO2, 
100 mL of diethyl ether, and 0.30 mL of Et2NH. Yield: 415 mg (0.84 mmol, 84% based on 1); 
orange solid. 
 M.p.: [°C] 134 (dec.). IR (KBr): [cm-1] 1341 [νN-O, sym], 1487 (m) [νC-C, str], 1491 (m) [νC-C, 
str], 1581 (s) [νN-O, asym], 1587 (s) [νN-O, asym]. 1H NMR (CDCl3): [δ] 0.15 (s, 18 H, SiMe3), 6.45 
(pt, JHH = 2.3 Hz, 4 H, C5H4), 6.59 (dd, 3JHH = 9.1 Hz, 4JHH = 2.5 Hz, 4 H, C6H4), 6.63 (pt, JHH 
= 2.3 Hz, 4 H, C5H4), 8.19 (dd, 3JHH = 9.1 Hz, 4JHH = 2.5 Hz, 4 H, C6H4). 13C{1H} NMR 
(CDCl3): [δ] -0.5 (SiMe3), 115.8 (CH/C5H4), 117.8 (CH/C6H4), 126.1 (CH/C6H4), 126.8 
(CH/C5H4), 131.2 (iC/C5H4), 139.4 (iC/C6H4), 174.8 (C-OTi). Anal. calc. for C28H34N2O6Si2Ti 
(598.62): C, 56.18; H, 5.72; N, 4.68. found: C, 56.43; H, 5.71; N, 4.38. 
 
 
4.15. Synthesis of ([Ti]Cl)2(µ-OC6H4O) (14) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 55 mg (0.50 mmol) of C6H4(OH)2-1,4, 
150 mL of diethyl ether, and 0.20 mL of Et2NH. Yield: 390 mg (0.47 mmol, 95% based on 1); 
purple solid. 
M.p.: [°C] 96 (dec.). 1H NMR (CDCl3): [δ] 0.22 (s, 36 H, SiMe3), 6.35 (pt, JHH = 2.4 Hz, 8 
H, C5H4), 6.54 (s, 4 H, C6H4), 6.57 (pq, JHH = 2.1 Hz, 4 H, C5H4), 6.65 (pq, JHH = 2.1 Hz, 4 H, 
C5H4). 13C{1H} NMR (CDCl3): [δ] –0.2 (SiMe3), 115.5 (CH/C5H4), 116.5 (CH/C6H4), 118.3 
(CH/C5H4), 125.9 (CH/C5H4), 127.9 (iC/C5H4), 128.3 (CH/C5H4), 166.1 (C-OTi). Anal. calc. 
for C38H56Cl2O2Si4Ti2 (823.93): C, 55.40; H, 6.85. found: C, 54.95; H, 7.10. 
 
 
4.16. Synthesis of ([Ti](Cl)(µ-OC6H4-4))2 (15) 
The synthesis and work-up procedures are identical with the one described for the 
preparation of 2. 393 mg (1.00 mmol) of [Ti]Cl2 (1), 93 mg (0.50 mmol) of HOC6H4-
C6H4OH, 150 mL of diethyl ether, and 0.20 mL of Et2NH. Yield: Yield: 430 mg (0.48 mmol, 
96% based on 1); red solid. 
 M.p.: [°C] 107 (dec). 1H NMR (CDCl3): [δ] 0.24 (s, 36 H, SiMe3), 6.36 (dt, 4JHH = 1.90 Hz, 
3JHH = 3.00 Hz, 4 H, C5H4), 6.44 (dt, 4JHH = 1.90 Hz, 3JHH = 3.00 Hz, 4 H, C5H4), 6.56 (dt, 





C6H4), 6.69 (dt, 3JHH = 3.00 Hz, 4JHH = 1.90 Hz, 4 H, C5H4), 7.45 (dd, 3JHH = 8.4 Hz, 4JHH = 
1.8 Hz, 4 H, C6H4). 13C{1H} NMR (CDCl3): [δ] –0.2 (SiMe3), 114.5 (CH/C5H4), 117.1 
(CH/C6H4), 118.5 (CH/C5H4), 126.4 (CH/C5H4), 126.7 (CH/C6H4), 128.6 (iC/C5H4), 129.2 
(CH/C5H4), 132.4 (iC/C6H4), 170.3 (C-OTi). Anal. calc. for C44H60Cl2O2Si4Ti2 (899.93): C, 
58.72; H, 6.72. found: C, 58.70; H, 6.98. 
 
 
4.17. X-ray structure determination 
X-ray structure measurements were performed with a Bruker Smart CCD equipment (Table 
3) using Mo-Kα radiation. Reflections were collected in the ω-scan mode. All data were 
corrected for absorption using SADABS. C38 The structures were solved by direct methods 
using SHELXS-97 C39 and refined by full-matrix least-square procedures on F2 using 
SHELXL-97 C40 All non-hydrogen atoms were refined anisotropically. The hydrogen atoms 
have been refined using ideal positions to their neighbored atoms (4, 12, 13) or were taken 
from the electron density difference map and refined freely in their positions (5, 9, 11). The 
nitro group in 12 is disordered and has been refined to split occupancies of 0.42 / 0.58 (O2 - 
O3). The structure plots were performed with the PLATON program. C41 The figure(s) in 




Crystallographic data for the structural analyses have been deposited with the Cambridge 
Crystallographic Data Centre with the following CCDC No. 4: 686172, 5: 686170, 9: 686173, 
11: 686174, 12: 686169 and 13: 686171. Copies of this information may be obtained free of 
charge from The Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ UK (Fax. +44-
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Table 3. Crystal and Intensity Collection Data for 4, 5, 9, and 11 - 13. 




































a (Å)  




















V (Å3) 2822(6) 2366.7(7) 2485.2(8) 2608.1(13) 5124.5(8) 3011(4) 
β (deg) 95.74(2) 90 97.920(4) 93.55(2) 91.871(2) 95.37(6) 
ρcalc (g cm-3) 1.348 1.266 1.286 1.296 1.286 1.321 
F(000) 
Z 
Crystal dimensions (mm) 
1200 
4 
0.96 × 0.16 × 0.04 
952 
4 
0.9 × 0.4 × 0.2 
1016 
4 
0.50 × 0.40 × 0.04 
1072 
4 
0.9 × 0.2 × 0.2 
2080 
8 
0.3 × 0.1 × 0.1 
1256 
4 
0.30 × 0.30 × 0.06 
Radiation (λ Å) Mo-Kα (0.71073) Mo-Kα (0.71073) Mo-Kα (0.71073) Mo-Kα (0.71073) Mo-Kα (0.71073) Mo-Kα (0.71073) 
Absorption correction 
Max., min. transmission  




















Scan range (deg) 
173 
1.56 ≤ θ ≤ 26.00 
293 
1.82 ≤ θ ≤ 25.99 
293 
1.61 ≤ θ ≤ 26.00 
173 
1.71 ≤ θ ≤ 25.99 
298 
1.86 ≤ θ ≤ 26.41 
223 
1.62 ≤ θ ≤ 26.00 
Index ranges 
 -2 ≤ h ≤ 9 
-17 ≤ k ≤ 29 
-19 ≤ l ≤ 19 
-17 ≤ h ≤ 17 
-22 ≤ k ≤ 22 
-11 ≤ l ≤ 11 
-9 ≤ h ≤  8 
-13 ≤ k ≤ 19 
-25 ≤ l ≤ 25 
-2 ≤ h ≤ 8 
-29 ≤ k ≤ 29 
-14 ≤ l ≤ 18 
-38 ≤ h ≤ 38 
0 ≤ k ≤  9 
0 ≤ l ≤ 27 
-11 ≤ h ≤ 11 
-19 ≤ k ≤ 19 
-26 ≤ l ≤ 26 
Total reflections 
Unique reflections  





















Completeness to θmax 
R1, wR2 [I ≥ 2σ (I)]a) 







































Max., min. peaks in final  
Fourier map (e Å-3) 
0.525, -0.573 0.202, -0.189 0.322, -0.272 0.273, -0.235 0.236, -0.212 0.282, -0.259 
 







D Oxime-Substituted NCN-Pincer Palladium and Platinum Halide 
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Since the pioneering work of Hantzch and Werner in the late 19th century and of Chugaev in 
1905 on oximes and transition metal complexes thereof this class of compounds has been 
intensively studied. D1, D2 Molecular recognition by the formation of intermolecular hydrogen 
bonds in oximes, is widely used for the construction of supramolecular aggregates in the  
solid state. D3 Oximes have an O-H group as hydrogen bond donor; the N and O atoms are 
potential hydrogen bond acceptors, whereby in most cases bonding to the N atom is preferred 
D4
. Most of all oximes form hydrogen bonded dimers in the solid state (graph set )6(22R ), but 
also trimers D5, tetramers D6 and linear chains D7 are relatively common. Additional flexibility 
is achieved by the possible E/Z isomerism of the oxime group. Furthermore, diverse 
coordination modes including nitrogen- and/or oxygen-coordination to different transition 
metal atoms are known for oximato-metal species. D2 - 8 
Other versatile ligand systems for the stabilization of low-valent transition metal centers are 
monoanionic, (potentially) terdentate bisphosphino-, bissulfido- and bisaminoaryl anions of 
general type [C6H3(CH2ERn)2-2,6]– (n = 1, 2; E = P, S, N; R = organic group) abbreviated as 
PCP-, SCS- or NCN-pincers. D9, D10 In the corresponding PCP, SCS or NCN transition metal 
complexes stable carbon-metal σ-bonds are present, due to the ortho-chelating effect of the 
pincer ligands. 
A combination of both, the oxime and the pincer ligating groups in a single molecule opens 
the possibility to prepare multimetallic species with interesting coordination modes and 






We report here on the synthesis and reaction chemistry of oxime-functionalized NCN-pincer 
molecules. Depending on the nature of the 4-oxime-substituted NCN-pincer part different 
structural motifs are observed in the solid state. 
 
 
2. Results and discussion 
2.1. Synthesis and spectroscopy 
Several methods for the preparation of oximes exist including the reduction of nitro 
compounds, D11 oxidation of amines, D12 addition of NOCl to alkenes D13 and addition of 
hydroxylamine to aldehydes or ketones. D14 In the synthesis of the title compounds the 
benzaldehydes H(O)C-1-C6H3(CH2NMe2)2-3,5 (1a) and H(O)C-4-C6H2(CH2NMe2)2-2,6-Br-1 
(1b) were heated to reflux with an excess of hydroxylamine in ethanol solutions for 1 h 
(Equation 1). After appropriate work-up, HON=CH-1-C6H3(CH2NMe2)2-3,5 (2a) and HO-
N=CH-4-C6H2(CH2NMe2)2-2,6-Br-1 (2b) could be isolated as colorless solids in 74 (2a) and 














EtOH/NaOH, 1 h reflux
2a, R = H
2b, R = Br
1a, R = H




Single X-ray structure analysis shows the exclusive formation of the E-isomer (see below). 
 
 Carbon-halide oxidative addition to transition metals in low oxidation states has been 
successfully used to prepare organometallic C-M-X (X = halide) species. D15 Thus, 2b was 
reacted with [Pd2(dba)3·CHCl3] (3) (dba = dibenzylidene acetone) in benzene at 25 °C 
(Equation 2). An irreversible chemo-selective oxidative addition of 2b to Pd took place and 
the insertion product [(HON=CH-4-C6H2(CH2NMe2)2-2,6)PdBr] (5) was formed, which, after 
appropriate work-up, could be isolated as a pale yellow solid in 86 % yield. When instead of 3 
the platinum(0) source [Pt(tol)2(SEt2)]2 (4) (tol = 4- tolyl) is used, then the iso-structural 
platinum pincer complex [(HON=CH-4-C6H2(CH2NMe2)2-2,6)PtBr] (6) is formed. Yellow 6 

















HO Pd2(dba)3.CHCl3 (3) or
[Pt(tol-4)2(SEt2)]2 (4)
2b 5, M = Pd




The 1H and 13C{1H} NMR spectra of 2a, 2b, 5 and 6 show resonance signals typical for 
NCN-pincer complexes. D10, D15 The Me2N and CH2 protons for the non-metallated pincers 2a 
and 2b appear as singlets at 2.22 and 3.43 ppm for 2a and at 2.33 and 3.60 ppm for 2b. A 
small downfield shift of these resonance signals is noticed for 2b, when compared to 2a, 
explainable by the electron withdrawing properties of the bromine atom. Upon coordination 
of the Me2NCH2 ortho-substituents to palladium (5) or platinum (6) a significant shift of these 
resonance signals to lower field is observed (5: NMe2, 2.94; CH2, 4.10; 6: NMe2, 3.07; CH2, 
4.10 ppm). A similar tendency can be recognized in the 13C{1H} NMR spectra for these 
building blocks (N(CH3)2: 44.9 (2a), 45.3 (2b), 53.7 (5), and 55.2 (6); CH2: 63.7 (2a), 63.4 
(2b), 74.2 (5), and 77.7 ppm (6)). For 6 typical 195Pt satellites are found with coupling 
constants of 38.5 Hz (3JPtH(Me)) and 45.6 Hz (3JPtH(CH2)), respectively. 
NMR spectroscopy also unequivocally allows to determine the oxime moiety in 2a, 2b, 5 
and 6. The N=CH methine proton can be detected at ca. 8 ppm in the 1H NMR, while the sp2-




IR spectroscopy is also suitable to determine the oxime moiety present in 2a, 2b, 5 and 6. 
The stretching vibration for the C=N entity is found at 1655 (2a) or 1654 cm-1 (2b, 5, 6) 
having both weak intensity. D17 In addition, a broad intense vibration is observed between 
3150 - 3300 cm-1 which is characteristic for intra- or intermolecular hydrogen bond 
formations. D17 For 2a and 2b this νOH absorption is found at 3162 cm-1, when measured as 
Nujol mull. The existence of O-H…N bridges could be proven by single crystal X-ray 
structure analysis (Figures 1 and 2). For complexes 5 and 6 the νOH vibrations are found at 
3175 and 3176 cm-1 (Nujol mull), respectively. The slight shift to higher wavenumbers, when 
compared to 2a and 2b, indicates a somewhat stronger O-H and thereof a weaker hydrogen 
acceptor bond in 5 and 6. This can be explained by the fact that the Me2NCH2 substituents are 





result thereof, a different structural bonding motif with the weaker acceptor bromine (O-
H…Br) is found which preserves in the solid state (5). Based on the IR data of 5 and 6 it can 
be concluded that also for 6 a polymeric structure is a dominant structural feature in the solid 
state (Experimental Part). 
 
 
2.2. Solid state structures of 2a, 2b and 5 
Single crystals of 2a and 2b suitable for X-ray structure analysis were obtained by slow 
evaporation of diethyl ether solutions containing either 2a or 2b at –30 °C. The molecular 
structures of 2a and 2b are shown in Figures 1 and 2. Geometric details are listed in Table 1 
and the experimental crystal data are summarized in Table 3 (Experimental Part).  
 
The main geometric features of 2a and 2b resemble to those which are characteristic for 
aldoximes and non-metallated NCN-pincer molecules in the solid state. D2a, D15, D18 The X-ray 
crystal structure analyses clearly show that only the E-isomer of oximes 2a and 2b with 
torsion angles of 179.73(13) (C1-C7-N1-O1 for 2a) and 178.0(2) ° (C4-C13-N3-O1 for 2b) 








Figure 1. Displacement ellipsoid plot (50% probability level) of the molecular structure of 
2a in the crystal and atom numbering scheme (top). Hydrogen-bonded one-
dimensional chain of 2a in the direction of the crystallographic b axis. C-H 
hydrogen atoms are omitted for clarity. Symmetry operations i: -x, y+0.5, 0.5-z; ii: 








Figure 2. Displacement ellipsoid plot (50% probability level) of the molecular structure of 
2b in the crystal and atom numbering scheme (top). Hydrogen-bonded one-
dimensional chain of 2b in the direction of the crystallographic b axis. C-H 
hydrogen atoms are omitted for clarity. Symmetry operations i: 1-x, y+0.5, 0.5-z; 
ii: 1-x, y-0.5, 0.5-z (bottom). 
 
The Me2NCH2 substituents point away from the C-R entity (2a: R = H, 2b: R = Br) in 
ortho-position towards the amino-methyl substituents. For both compounds one Me2N group 
is located above the benzene ring (2a: N2, C9 and C10, distance C6,plane–N2 = 1.3691(13) Å; 
2b: N2, C11 and C12, d(C6,plane, N2) = 1.290(2) Å), while the second Me2N entity is 
positioned below the aromatic ring (2a: N3, C12 and C13, d(C6,plane, N3) = 0.9247(12) Å; 2b: 
N1, C8 and C9, d(C6,plane, N1) = 0.357(2) Å). 
 
Oximes are known to form aggregates in the solid state, for example, benzaldehyde oxim 
crystallizes as a tetramer by forming intermolecular O-H…N bonds with the nitrogen atom of 
the oxime group as hydrogen acceptor. D16 In 2a and 2b four potential hydrogen bond 
acceptors are present: the O and N atoms of the oxime moiety and two tertiary Me2NCH2 





N3; 2b: N2) (Figures 1 and 2; Table 2), whereas the other three potential acceptors do not 
participate in the hydrogen bonding. As a consequence in 2a and 2b infinite, one-dimensional 
hydrogen-bonded chains are formed. In both cases these chains have a helical form involving 
a crystallographic 21 screw axis. The major difference between 2a and 2b is that in 2a the 
phenyl plane has an angle of 17.94(5) ° with respect to the screw axis, while in 2b this angle 
is 44.61(8) °. This leads to a longer repeating unit in 2a (length of b axis = 10.1344(1) Å) than 
in 2b (length of b axis = 4.8213(1) Å). 
 
 
Table 1. Selected Bond Lengths (Å), Angles (°), and Torsion Angels (°) for 2a, 2b and 5.a) 
           Bond Lengths                          Bond Angles                     Torsion Angles 
Compound 2a° 
C7-N1 1.286(2) C1-C7-N1 120.62(14) C4-C3-C8-N2 95.95(16) 
N1-O1 1.3986(15) C7-N1-O1 111.09(12) C4-C5-C11-N3 129.49(14) 
    C1-C7-N1-O1 179.73(13) 
 
Compound 2b 
C13-N3 1.260(3) C4-C13-N3 120.1(2) C1-C2-C7-N1 163.7(2) 
N3-O1 1.416(3) C13-N3-O1 111.7(2) C1-C6-C10-N2 108.4(2) 
C1-Br1 1.923(2)   C4-C13-N3-O1 178.0(2) 
      
Complex 5 
Pd1-Br1 2.5498(17) Br1-Pd1-C4 178.3(2) C4-C3-C7-N1 -20.4(8) 
Pd1-C4 1.923(8) N1-Pd1-N2 162.6(2) C4-C5-C10-N2 -19.6(11) 
Pd1-N1 2.131(6) Br1-Pd1-N1 97.41(17) Pd1-N1-C7-C3 28.4(7) 
Pd1-N2 2.152(7) Br1-Pd1-N2 99.48(18) Pd1-N2-C10-C5 25.7(9) 
C13-N3 1.265(12) C1-C13-N3 122.4(8) C1-C13-N3-O1 -178.2(8) 
N3-O1 1.425(10) C13-N3-O1 110.6(7)   
a) Standard uncertainties are given in the last significant figure(s) in parenthesis. 
 
 
Table 2. Hydrogen Bonding Interactions for 2a, 2b and 5. a) 
Compd. D-H…A D-H [Å] H…A [Å] D…A [Å] D-H…A [°] 
2a O1-H1O…N3 i) 1.02 1.72 2.7315(16) 171.2 
2b O1-H1…N2 ii) 0.88(3) 1.98(3) 2.791(3) 152(3) 
5 O1-H1…Br1 iii) 0.96(14) 2.38(15) 3.266(9) 154(12) 
a) Standard uncertainties are given in the last significant figure(s) in parenthesis. Symmetry 






Single crystals of 5 could be obtained by slow evaporation of a dichloromethane-acetone 
solution (ratio 20:1) containing 5 at –30 °C. The molecular structure of 5 is shown in Figure 
3. Selected bond distances, angles, and torsion angles are listed in Table 1 and experimental 





Figure 3. Displacement ellipsoid plot (50% probability level) of the molecular structure of 5 
in the crystal and atom numbering scheme (top). Hydrogen bonded one-dimen-
sional chain of 5 in the direction of the crystallographic [1,0,-1] diagonal. C-H 
hydrogen atoms are omitted for clarity. Symmetry operations i: x-1, y, z+1; ii: 






The Pd1 atom adopts a distorted square-planar geometry, set-up by C4, N1, N2 and Br1 
(Figure 3). The C4-Pd1-Br1 bond angle is with 178.3(2) ° linear, while the N1-Pd1-N2 angle 
is with 162.6(2) ° deformed from linearity and the coordination plane around Pd1 is with 
11.1(3) ° almost coplanar to the benzene ring C1 – C6. As for 2a and 2b, the oxime 
functionality in 5 has a E-configuration (torsion angle (C1-C13-N3-O1) = -178.2(8) °) and is 
coplanar with the plane build-up by the benzene ring (angle planeC1-C13-N3-O1-planeC1-C2-C3-C4-
C5-C6 = 4.8(12) °).  
The two Me2NCH2 ortho-substituents are datively-bonded to Pd1 (Pd1-N1 = 2.131(6), Pd1-
N2 = 2.152(7) Å) and hence, can not act as hydrogen acceptor as in 2a and 2b, respectively. 
But in contrast to 2b, where the C-Br group cannot be considered as hydrogen bond acceptor, 
the metal-bound Br atom of 5 is a potential hydrogen bond acceptor like other metal-bound 
halides. D19, D22 Interestingly enough, as in 2a and in 2b, the oxime group does not accept 
hydrogen bonds, but the Br atom does. The oxime group is also not involved in metal 
coordination, which would certainly be possible. D2 - 8 The “donor-acceptor distance” of the 
hydrogen bond is with 3.266(9) Å relatively long (sum of contact radii: 3.37 Å D20). Similar 
interactions were found in other transition metal complexes, i. e. [trans-FeBr4(H2O)2], 
(Ph3AsOH)2[CuBr4], or [[1-(5,6-dimethylbenzimidazolyl)-3-benzimidazolyl-2-thiapropane]-
HgBr2.MeOH]. D21 Complex 5 forms in the solid state an almost linear polymeric chain 
through non-covalent hydrogen-bonding (Figure 3) whereby the planes of the benzene rings 
are in a perfect coplanar arrangement due to the crystallographic symmetry. Such structural 
arrangements have also been found for other para-H-donor substituted NCN-pincer 
complexes, such as [PtCl(C6H2(CH2NMe2)2-2,6-C≡CH-4] and [PtCl(C6H2(CH2NMe2)2-2,6-
OH-4], respectively. D22 In the case of the latter compound evidence was provided that these 




The synthesis and characterization of oxime-substituted NCN-pincer molecules HON=CH-
1-C6H3(CH2NMe2)2-3,5 (2a), HON=CH-4-C6H2(CH2NMe2)2-2,6-Br-1 (2b) and [(HON=CH -
1-C6H2(CH2NMe2)2-2,6)MBr] (M = Pd (5), Pt (6)) by applying different synthesis 
methodologies is described. For the preparation of 2a and 2b the appropriate benzaldehydes 
H(O)C-4-C6H3(CH2NMe2)2-3,5 and H(O)C-4-C6H2(CH2NMe2)2-2,6-Br-1 were reacted with 
hydroxylamine, while complexes 5 and 6 are accessible in a straightforward manner upon 





structures are formed through non-covalent hydrogen bonding. Compounds 2a and 2b form 
infinite, one-dimensional hydrogen-bonded helical chains with only one Me2NCH2 amine as 




4. Experimental Part 
4.1. General Methods.  
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene and n-hexane were purified by 
distillation from sodium/benzophenone ketyl. Infrared spectra (KBr or Nujol) were recorded 
with a Perkin Elmer FT-IR 1000 spectrometer. NMR spectra were recorded with a Bruker 
Avance 250 spectrometer (1H NMR at 250.12, 13C{1H} NMR at 62.86 MHz) or with a Varian 
Inova 300 spectrometer (1H NMR at 300.10, 13C{1H} NMR at 75.47 MHz) in the Fourier 
transform mode. Chemical shifts are reported in δ units (parts per million) downfield from 
tetramethylsilane (δ = 0.00 ppm) with the solvent as the reference signal (CDCl3: 1H NMR, δ 
= 7.26; 13C{1H} NMR, δ = 77.0; d6-acetone: 1H NMR, δ = 2.06; 13C{1H} NMR, δ = 29.8). 
Melting points were determined using sealed nitrogen purged capillaries with a Gallenkamp 
MFB 595 010 M melting point apparatus. Microanalyses were performed by the Dornis und 
Kolbe, Mikroanalytisches Laboratorium, Mülheim an der Ruhr and partly by the Department 
of Organic Chemistry at Chemnitz, Technical University. 
 
 
4.2. General Remarks.  
H(O)C-1-C6H3(CH2NMe2)2-3,5 (1a), D23 H(O)C-4-C6H2(CH2NMe2)2-2,6-Br-1 (1b), D15 
[Pd2(dba)3·CHCl3] (3), D24 and [Pt(4-tol)2(SEt2)]2 (4) D25 were prepared following published 
procedures. All other chemicals were purchased from commercial sources and were used 
without any further purification. 
 
 
4.3. Synthesis of HON=CH-1-C6H3(CH2NMe2)2-3,5 (2a) 
To 660 mg (3.00 mmol) of 1a and 1.0 g (14.4 mmol) of H2NOH·HCl dissolved in 50 mL of 
ethanol were added 15 mL (15.0 mmol) of 1 M NaOH. After the reaction mixture was heated 





25 °C. The aqueous phase was extracted three times with 100 mL of diethyl ether and the 
combined organic phases were dried over MgSO4, filtered and evaporated in oil-pump 
vacuum to gave a yellow oil. Upon addition of 3 mL of cold diethyl ether a colorless solid 
precipitated which was collected and dried in oil-pump vacuum to afford 520 mg (2.21 mmol, 
74% based on 1a) of 2a. 
 
M.p.: [°C] 112. IR (KBr): [cm-1] 3169 (s) [νOH], 1655 (m) [νC=N]. IR (Nujol): [cm-1] 3162 
(s) [νOH]. 1H NMR (CDCl3): [δ] 2.22 (s, 12 H, NMe2), 3.43 (s, 4 H, CH2N), 7.21 (s, 1 H, 
C6H3), 7.58 (s, 2 H, C6H3), 8.07 (s, 1 H, N=CH), 10.75 (bs, 1 H, OH). 13C{1H} NMR 
(CDCl3): [δ] 44.9 (NCH3), 63.7 (NCH2), 126.1 (CH/C6H3), 131.4 (CH/C6H3), 133.3 
(iC/C6H3), 138.3 (iC/C6H3), 148.9 (N=CH). EI-MS [m/z (rel. int.)] 235 (10) [M+], 217 (5) [M+ 
-H2O], 192 (100) [M+ -NC2H5], 174 (70) [M+-NMe2OH], 147 (80) [M+ -2NMe2], 130 (45) 
[M+ -(NMe2)2OH], 103 (30) [C8H8]. Anal. calcd. for C13H21N3O (235.32): C, 66.35; H, 8.99; 
N, 17.86. Found: C, 66.44; H, 9.11; N, 17.74 %. 
 
 
4.4. Synthesis of HON=CH-4-C6H2(CH2NMe2)2-2,6-Br-1 (2b) 
Compound 2b was prepared according to the procedure described above by using 1.0 g 
(3.34 mmol) of 1b, 1.16 g (16.7 mmol) of H2NOH·HCl and 17 mL (17.0 mmol) of 1 M 
NaOH. Yield: 830 mg (2.64 mmol, 79 % based on 1b). 
 
M.p.: [°C] 94. IR (KBr): [cm-1] 3166 (s) [νOH], 1654 (m) [νC=N]. IR (Nujol): [cm-1] 3162 (s) 
[νOH]. 1H NMR (CDCl3): [δ] 2.33 (s, 12 H, NMe2), 3.60 (s, 4 H, CH2N), 7.62 (s, 2 H, C6H2), 
8.09 (s, 1 H, N=CH), 11.35 (bs, 1 H, OH). 13C{1H} NMR (CDCl3): [δ] 45.3 (NCH3), 63.4 
(NCH2), 127.9 (iCBr/C6H2), 128.2 (CH/C6H2), 132.2 (iC/C6H2), 138.4 (iC/C6H2), 148.2 
(N=CH). Anal. calcd. for C13H20BrN3O (314.21): C, 49.69; H, 6.42; N, 13.27. Found: C, 
49.84; H, 6.40; N, 13.39 %. 
 
 
4.5. Synthesis of [(HON=CH-4-C6H2(CH2NMe2)2-2,6)PdBr] (5) 
100 mg (0.32 mmol) of 2b and 160 mg (0.15 mmol) of 3 were dissolved in 15 mL of 
benzene and the reaction mixture was stirred for 18 h at 25 °C. Afterwards, 20 mL of 
tetrahydrofuran were added and stirring was continued for 2 h. All volatiles were removed in 





The solution was filtered through Celite and concentrated in oil-pump vacuum to 5 mL. n-
hexane (50 mL) was added, whereby a yellow solid precipitated, which was collected and 
washed twice with n-hexane (10 mL) and diethyl ether (10 mL) to gave 5 as a pale yellow 
solid (95 mg, 0.23 mmol, 68% based on 3). 
 
M.p.: [°C] 94. IR (KBr): [cm-1] 3279 (vs) [νOH], 1654 (m) [νC=N]. IR (Nujol): [cm-1] 3175 
(vs) [νOH]. 1H NMR (d6-aceton): [δ] 2.94 (s, 12 H, NMe2), 4.10 (s, 4 H, CH2N), 7.05 (s, 2 H, 
C6H2), 8.00 (s, 1 H, N=CH), 10.21 (bs, 1 H, OH). 13C{1H} NMR (CDCl3): [δ] 53.7 (NCH3), 
74.2 (NCH2), 118.4 (CH/C6H2), 128.9 (iC/C6H2), 145.5 (iC/C6H2), 150.5 (N=CH), 160.9 
(iCPd/C6H2). Anal. calcd. for C13H20BrN3OPd (420.64): C, 37.12; H, 4.79; N, 9.99. Found: C, 
37.27; H, 4.87; N, 9.75 %. 
 
 
4.6. Synthesis of [(HON=CH-4-C6H2(CH2NMe2)2-2,6)PtBr] (6) 
165 mg (0.53 mmol) of 2b and 234 mg (0.25 mmol) of 4 were dissolved in 20 mL of 
benzene and the reaction mixture was refluxed for 5 min. The yellow solution was cooled to 
25 °C and concentrated in oil-pump vacuum to 5 mL. Upon addition of 20 mL of n-hexane a 
yellow precipitate formed which was collected, washed twice with n-hexane (10 mL) and 
diethyl ether (10 mL) and dried in oil-pump vacuum to afford 6 as a yellow solid (125 mg, 
0.25 mmol, 98 % based on 4). 
 
M.p.: [°C] 94. IR (KBr): [cm-1] 3292 (vs) [νOH], 1654 (m) [νC=N]. IR (Nujol): [cm-1] 3175 
(vs) [νOH]. 1H NMR (d6-aceton): [δ] 3.07 (s, 3JPtH = 38.48 Hz, 12 H, NMe2), 4.10 (s, 3JPtH = 
45.62 Hz, 4 H, CH2N), 7.05 (s, 2 H, C6H2), 7.97 (s, 1 H, N=CH), 9.92 (bs, 1 H, OH). 13C{1H} 
NMR (d6-aceton): [δ] 55.2 (NCH3), 77.7 (NCH2), 118.5 (CH/C6H2), 129.2 (iC/C6H2), 145.1 
(iC/C6H2), 148.7 (N=CH), 150.7 (iCPt/C6H2). Anal. calc. for C13H20BrN3OPt·1/3C6H6 
(509.30): C, 33.65; H, 4.14; N, 7.95. Found: C, 33.16; H, 4.18; N, 7.95 %. 
 
 
4.7. X-ray crystal structure determinations of 2a, 2b and 5 
X-ray intensities were measured on a Nonius Kappa CCD diffractometer with rotating 
anode (compounds 2a and 2b) or on a Bruker Smart 1k CCD diffractometer (compound 5). 
The structures were solved with Direct Methods D26 (2a and 5) or with automated Patterson 





reflections. Non-hydrogen atoms were refined freely with anisotropic displacement 
parameters. In 2a and 2b all hydrogen atoms were located in the difference Fourier map. In 5 
the O-H hydrogen atom was located in the difference Fourier map and all other hydrogen 
atoms were introduced in geometrically optimized positions. All C-H hydrogen atoms were 
refined with a riding model. The O-H hydrogen atom of 2a was kept fixed in the located 
position. In 2b and 5 the O-H hydrogen atoms were refined freely with isotropic displacement 
parameters. Drawings, geometry calculations and checking for higher symmetry were 
performed with the PLATON program. D29 Further crystallographic details are given in Table 
3. 
 
Table 3. Summary of Crystallographic Data for 2a, 2a and 5. 
Compd. 2a 2b 5 
Formula C13H21N3O C13H20BrN3O C13H20BrN3OPd 
Fw 235.33 314.23 420.63 
crystal colour colourless/yellowish colourless colourless 
crystal size [mm3] 0.36 x 0.36 x 0.15 0.36 x 0.09 x 0.03 0.4 x 0.3 x 0.1 
temp [K] 150 150 298 
λ [Å] 0.71073 0.71073 0.71073 
crystal system orthorhombic monoclinic monoclinic 
space group Pbca (no. 61) P21/c (no. 14) Cc (no. 9) 
a [Å] 14.5429(1) 13.3626(3) 6.461(5) 
b [Å] 10.1344(1) 4.8213(1) 24.635(18) 
c [Å] 18.1260(2) 24.9384(5) 10.212(7) 
β [deg.] - 117.8142(11) 99.476(12) 
V [Å3] 2671.47(4) 1421.03(5) 1603(2) 
Z 8 4 4 
Dx [g/cm3] 1.170 1.469 1.743 
µ [mm-1] 0.076 2.886 3.646 
abs. Corr. none multi-scan multi-scan 
abs. Corr. range - 0.83-0.92 0.34-1.00 
refl. collected / unique 30740 / 2408 21386 / 3262 10865 / 3179 
(sin θ/λ)max [Å-1] 0.60 0.65 0.63 





    
 2a 2b 5 
R1/wR2 [I>2σ(I)] 0.0402 / 0.1086 a) 0.0309 / 0.0700 b) 0.0466 / 0.1286 c) 
R1/wR2 [all refl.] 0.0557 / 0.1179 a) 0.0537 / 0.0779 b) 0.0502 / 0.1340 c) 
S 1.076 1.070 1.070 
Flack x parameter [504] - - 0.10(2) 
ρmin/max [e/Å3] -0.20 / 0.29 -0.42 / 0.69 -0.83 / 0.68 
a) w = 1/[σ2(Fo2) + (0.0628P)2 + 0.65111P], where P = [Fo2+2Fc2]/3; b) w = 1/[σ2(Fo2)+ 





Crystallographic data for the structural analyses have been deposited with the Cambridge 
Crystallographic Data Centre, CCDC No. 604434 for 2a, CCDC No. 604435 for 2b and 
CCDC No. 604436 for 5. Copies of this information may be obtained free of charge from The 
Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ UK (Fax. +44-1223-336033; Email: 
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Organometallic complexes can successfully be used in the synthesis of new materials with 
novel properties. E1 In this respect, much interest exists in the use of transition metal systems 
with coordinatively unsaturated metal ions, because they allow the synthesis of linear, E2 
square, E3 cubic, E4 helical E5 or even more complex geometric architectures E6 via self-
assembly in the presence of suitable ligands by following, for example, the molecular 
“Tinkertoy” approach. E7 Another possibility to prepare such assemblies relies upon the use of 
transition metal complexes featuring donor and acceptor groups in the same molecule. As 
ligating site(s), either organic or inorganic σ- and π-donors and as acceptor component(s) 
transition metal atoms are present in these complexes. 
We report here on the synthesis and reaction chemistry of nitrile-functionalized NCN-pincer 
metal complexes of type [MBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] (M = Pd, Pt; NCN = 
[C6H2(CH2NMe2)2-2,6]-). The properties of the linear coordination polymer {[Pt(N≡C-4-
C6H2(CH2NMe2)2-2,6)](ClO4)}n will be discussed as well.  
 
 
2. Results and discussion 
2.1. Synthesis and spectroscopy 
For the synthesis of the NCN-pincer molecules N≡C-4-C6H3(CH2NMe2)2-3,5 (2a) and 1-Br-





Following the procedure reported by Olah et al. E8a the benzaldehydes HC(O)-4-
C6H3(CH2NMe2)2-3,5 (1a) and Br-1-HC(O)-4-C6H2(CH2NMe2)2-2,6 (1b) were converted to 
2a and 2b upon their reaction with hydroxylamine in formic acid at reflux temperatures 












1a: R = H
1b: R = Br
2a: R = H




Compound 2b is also accessible by treatment of 1b with ammonia in the presence of iodine 
as oxidizing agent (Experimental Part). This synthetic procedure was recently published by 
Fang and coworkers for the preparation of benzonitrile and Br-1-N≡C-4-C6H4 from 
benzaldehyde and 4-BrC6H4CHO, respectively. E8c This approach was successfully transferred 
to the synthesis of 1b. By doing so, the yield of 2b could be increased from 55 to 70 %. 
Nevertheless, this reaction is limited, because small quantities of iodine and 1b (typical run: 
0.25 mmol) have to be used. Caution is advisable, since highly explosive [NI3·NH3] can be 
formed as a side product during the course of the reaction. E8c 
 
In general, a two-step metallation–transmetallation synthesis procedure can be used in the 
preparation of transition metal pincer complexes. E9, E10 Lithiation of C6H4(CH2NMe2)2-1,3 
with n-BuLi or t-BuLi gives the corresponding metallated aryl Li(C6H3(CH2NMe2)2-2,6) 
which further reacts with [PtCl2(SEt2)2] to produce the respective transition metal complex. 
E10
 However, this procedure is not applicable for the synthesis of nitrile-functionalized NCN-
pincer complexes since by the reaction of 2a with t-BuLi the t-Bu anion undergoes 
nucleophilic attack at the nitrile carbon atom. E11 This was shown by the reaction of the in-situ 
formed lithium ketiminate with D2O which gave DN=C(t-Bu)-1-C6H3(CH2NMe2)2-3,5 (3) 
(Equation 2). With an excess of D2O, the ketone O=C(t-Bu)-1-C6H3(CH2NMe2)2-3,5 (4) was 


























Compounds 3 and 4 were characterized by GC-MS analysis of a sample taken from the 
crude reaction mixture. The molecular ion peak M+ could be detected at m/z 275 (3) and 276 
(4), respectively. Further typical fragments that were observed for 3 and 4 were M+ -NMe2, 
M+ -Bu and M+ -2NMe2 (Experimental Part). 
 
Another possibility to introduce transition metal atoms in NCN-pincer chemistry is given by 
the oxidative addition of carbon-halide bonds to transition metals in low oxidation states, i. e. 
[Pd2(dba)3.CHCl3] (5a) (dba = dibenzylidene acetone). E12 Thus, the reaction of 2b with 5a in 
benzene or toluene as solvent at 25 °C afforded [PdBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] (6a). 
After appropriate work-up, 6a could be isolated as a pale yellow solid in 69 % yield (Equation 
3). For the preparation of the iso-structural platinum NCN-pincer complex [PtBr(N≡C-4-
C6H2(CH2NMe2)2-2,6)] (6b) the platinum(0) source [Pt(tol-4)2(SEt2)]2 (5b) (tol = tolyl) was 
used. After heating 2b and 5b in an aromatic solvent such as benzene or toluene, yellow 6b 







BrN C [Pd2(dba)3•CHCl3] (5a) or[Pt(tol-4)2(SEt2)]2 (5b)
2b 6a: M = Pd




Complexes 6a and 6b possess a potentially σ-coordinating para-N≡C group. To study the 
consequences of the presence of this group during halide abstraction, compounds 6a and 6b 
were reacted with the silver salts [AgX] (X = BF4, PF6, ClO4, OTf). An immediate pale 
yellow solid precipitated which appeared to be the cationic pincer complex [M(N≡C-4-
C6H2(CH2NMe2)2-2,6)]+ (M = Pd, Pt) along with [AgBr]. Due to the low solubility of both 





problem could be solved by using soluble halide abstracting reagents such as the 
organometallic heterobimetallic pi-tweezer complex {[Ti](µ-σ,π-C≡CSiMe3)2}AgOClO3 (7). 
E13
 This reaction resulted in the formation of {[Pt(N≡C-4-C6H2(CH2NMe2)2-2,6)](ClO4)}n (8) 
along with {[Ti](µ-σ,π-C≡CSiMe3)2}AgBr (9) (Equation 4). The alternate formation of 
heterotrimetallic [{[Ti](µ-σ,pi-C≡CSiMe3)2}Ag(N≡C-4-C6H2(CH2NMe2)2-2,6)PtBr] (10), 
however, was not observed. The formation of 8 and 9 from 6b and 7 is most likely due to the 
high affinity of the silver(I) ion in 7 for bromide as well as due to the low solubility of 8 












+ {[Ti](C SiMe3)2}Ag(OClO3) (7)






The νC≡N of 2, 6 and 8 are distinctly different and for this reason allow the monitoring of the 
reaction progress. If 2a and 2b are reacted with 5a and 5b, respectively, the νC≡N absorptions 
typical for 2a (2230 cm-1) and 2b (2231 cm-1) shift to lower wavenumbers (6a and 6b: 2219 
cm-1), which are typical for substituted benzonitriles, cf. the substitution of benzonitrile with 
an electron donating p-methoxy group leads to a shift of the νC≡N from 2230 (benzonitrile) to 
2216 cm-1 (anisonitrile). E14 Most likely the structure of 8 is a polymeric one as is indicated by 
a shift of νC≡N to higher wavenumbers (2247 cm-1). When compared to 6, this νC≡N value 
points to a dative-binding of the C≡N group to a Pt(II) ion. This observation is consistent with 
the data reported for other cyanide transition metal complexes, e. g., {[(dppp)Pd(C6H4(C≡N)2-
1,4)2](OTf)2}4 (2280 cm-1) (dppp = 1,3-bis(diphenylphosphino)propane)) E3a and [(FcC≡C-
C6H4C≡N-1,4)2Pd(PPh3)2](OTf)2 (2276 cm-1). E15 The non-coordinating nature of the ClO4- 
anion could nicely be confirmed by IR spectroscopy. Only one band was found at 1091 cm-1 
(νCl-O) indicating a Td symmetry of the ClO4-. E16 On the basis of these data we propose for 8 a 
linear polymeric structure in the solid state as shown in Figure 1, which is a commonly found 
structural motive in cyano transition metal chemistry. E3a, E17, E18 Structures of coordination 
polymers with linear M←N≡C arrangements have been reported, cf. mer,trans-[RuCl2(η3-


















Figure 1. Proposed polymeric structure of 8 in the solid state. 
 
The 1H NMR spectra of 2a and 2b show the resonance signals typical for NCN-pincer metal 
complexes. E10, E12, E19 The NMe2 and CH2 protons of the NCN-pincer appear as singlets at 
2.18 and 3.37 ppm for 2a and at 2.30 and 3.53 ppm for 2b. Coordination of the ortho-
substitutents CH2NMe2 to palladium (6a) or platinum (6b, 8) results in a significant shift of 
the NMe2 and CH2 resonance signals to lower field (NMe2: 2.95 (6a), 3.02 (6b) and 3.01 (8); 
CH2: 4.17 (6a), 4.07 (6b), and 4.17 ppm (8)). The presence of the Pt(II) ion in 6b and 8 is 
supported by the observation of 3JPtH coupling constants of 38 - 40 Hz for the NMe2 entities 
and 45 - 49 Hz for the CH2 units (Experimental Part). 
Characteristic downfield shifts for the NMe2 and CH2 carbon atoms have also been found in 
the 13C{1H} NMR spectra going in the series from 2a and 2b, 6a and 6b to 8 (Experimental 
Part). All other resonance signals appear as well-resolved signals in the expected regions. 
 
 
2.2. Structures of 6a and 6b in the solid state 
Single crystals of 6a and 6b suitable for X-ray structure analysis could be grown by cooling 
a 1:1 (v/v) mixture of dichloromethane/acetone containing 6a or 6b to –30 °C. The molecular 
structures of 6a and 6b are shown in Figure 2. Geometrical details are listed in Table 1, while 





Figure 2. ORTEP diagram of the molecular structure of 6a (top, 30 % probability level) 







Table 1. Selected Bond Distances (Å), Bond Angles and Torsion Angles (°) for 6a and 6b. a)  
 
Bond Distances (Å)           Bond Angles (°)                       Torsion Angles (°) 
Complex 6a 
Pd1-Br1 2.5239(5) Br1-Pd1-C4 178.27(9) C4-C5-C7-N1 -23.0(4) 
Pd1-C4 1.906(4) N1-Pd1-N2 163.07(10) C4-C3-C10-N2 -22.0(4) 
Pd1-N1 2.105(2) Br1-Pd1-N1 99.40(7) Pd1-N1-C7-C5 30.9(3) 
Pd1-N2 2.108(3) Br1-Pd1-N2 97.52(7) Pd1-N2-C10-C3 28.5(4) 
C13-N3 1.129(6) C1-C13-N3 178.39(56)   
      
Complex 6b 
Pt1-Br1 2.5246(5) Br1-Pt1-C1 177.14(13) C1-C2-C7-N1 -23.6(6) 
Pt1-C1 1.909(5) N1-Pt1-N2 163.76(16) C1-C6-C8-N2 -25.2(5) 
Pt1-N1 2.104(4) Br1-Pt1-N1 98.23(13) Pt1-N1-C7-C2 32.2(4) 
Pt1-N2 2.095(4) Br1-Pt1-N2 98.01(9) Pt1-N2-C8-C6 31.0(4) 
C13-N3 1.140(7) C4-C13-N3 178.8(5)   
a) Standard deviation(s) are given as the last significant figures in parenthesis. 
 
Complexes 6a and 6b are iso-structural, but crystallize in different monoclinic space groups 
(6a: P21/c, 6b: C2/c). The main geometric features of 6a and 6b resemble the structural data 
characteristic for other NCN-pincer palladium and platinum complexes. E10, E12, E18 The metal 
atoms Pd1 (6a) and Pt1 (6b) adopt a somewhat distorted square-planar geometry set-up by 
C4, N1, N2 and Br1 (6a) and C1, N1, N2 and Br1 (6b), respectively (Figure 2). The latter 
coordination planes are almost coplanar with the benzene ring C1 - C6 (6a: 11.7(2) °, 6b: 
12.1(2) °) of the NCN-pincer ligand. As expected, the para nitrile group is linear (6a: N3-
C13-C1, 178.4(6) °; 6b: N3-C13-C4, 178.8(5) °). 
Interestingly, comparison of the structure of 6a with that of the para-nitro substituted NCN-
pincer palladium complex, which forms a dimer in the solid state via self-assembly as result 
of electron-donor-acceptor interactions between Pd(II) and the nitrogen atom of the NO2 
group, shows that in the solid state 6a exists as discrete monomers. E20 This indicates that the 
nitrile entity in 6a is not strong enough to withdraw electron density at the palladium atom to 








 The synthesis of the nitrile-functionalized palladium and platinum NCN-pincer transition 
metal complexes [MBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] (M = Pd, Pt) by treatment of Br-1-
N≡C-4-C6H2(CH2NMe2)2-2,6 with [Pd2(dba)3.CHCl3] (dba = dibenzylidene acetone) and 
[Pt(tol-4)2(SEt2)]2 (tol = tolyl), respectively, is reported. Within these reactions an oxidative 
addition of the NCN-pincer C-Br bond to Pd and Pt occurs (NCN = [C6H2(CH2NMe2)2-2,6]-). 
The corresponding platinum complex could successfully be converted to the coordination 
polymer {[Pt(N≡C-4-C6H2(CH2NMe2)2-2,6)](ClO4)}n upon its reaction with the halide 
abstracting reagent {[Ti](µ-σ,π-C≡CSiMe3)2}AgOClO3 ([Ti] = (η5-C5H4SiMe3)2Ti). The 
structure of this coordination polymer is proposed to contain in the solid state linear C≡N→Pt 
arrangements which is a commonly structural motive in cyano transition metal chemistry, e.g. 
mer,trans-[RuCl2(η3-NN’N)(N≡CPh)] (NN’N = 2,6-bis[(dimethylamino)methyl]pyridine.  
 
 
4. Experimental Part 
4.1. General Methods 
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene and n-hexane were purified by 
distillation from sodium/benzophenone ketyl. Infrared spectra were recorded with a Perkin 
Elmer FT-IR 1000 spectrometer. NMR spectra were recorded with a Bruker Avance 250 
spectrometer (1H NMR at 250.12 MHz and 13C{1H} NMR at 62.86 MHz) or with a Varian 
Inova 300 spectrometer (1H NMR at 300.10 MHz and 13C{1H} NMR at 75.47 MHz) in the 
Fourier transform mode. Chemical shifts are reported in δ units (parts per million) downfield 
from tetramethylsilane (δ = 0.00 ppm) with the solvent as the reference signal (CDCl3: 1H 
NMR, δ = 7.26; 13C{1H} NMR, δ = 77.0; d6-acetone: 1H NMR, δ = 2.06; 13C{1H} NMR, δ = 
29.8 and 206.1; CD3CN: 1H NMR, δ = 1.94; 13C{1H} NMR, δ = 1.3 and 118.7). Melting 
points were determined using sealed nitrogen purged capillaries with a Gallenkamp (type 
MFB 595 010 M) melting point apparatus. Microanalyses were performed by the Dornis und 
Kolbe, Mikroanalytisches Laboratorium, Mülheim a. d. Ruhr and by the Department of 







4.2. General Remarks 
HC(O)-1-C6H3(CH2NMe2)2-3,5 (1a), E19 Br-1-HC(O)-4-C6H2(CH2NMe2)2-2,6 (1b), E12 
[Pd2(dba)3·CHCl3] (5a), E21 [Pt(tol-4)2(SEt2)]2 (5b), E22 and {[Ti](µ-σ,π-
C≡CSiMe3)2}AgOClO3 (7) E13 were prepared following published procedures. All other 
chemicals were purchased from commercial suppliers and were used as received. 
 
 
4.3. Synthesis of N≡C-1-C6H3(CH2NMe2)2-3,5 (2a) 
Compound 1a (1.10 g, 4.99 mmol) was dissolved in 10 mL of conc. formic acid and 450 mg 
(6.48 mmol) of H2NOH·HCl were added in a single portion. After heating the reaction 
mixture to reflux for 90 min it was cooled to 25 °C and afterwards carefully poured on 50 mL 
of crushed ice. The pH value of the solution was adjusted to 8 with 4 M NaOH. The aqueous 
phase was extracted twice with 100 mL of diethyl ether. The combined organic phases were 
dried over MgSO4, filtered through a pad of Celite and all volatiles were removed in oil-pump 
vacuum to gave 2a (600 mg, 2.76 mmol, 55% based on 1a) as a yellow oil. 
 
IR (NaCl): [cm-1] 2230 (s) [νC≡N]. 1H NMR (CDCl3): [δ] 2.18 (s, 12 H, NMe2), 3.37 (s, 4 H, 
CH2N), 7.46 (bs, 3 H, C6H3). 13C{1H} NMR (CDCl3): [δ] 45.2 (NCH3), 63.2 (NCH2), 112.1 
(C-C≡N), 118.8 (C≡N), 131.0 (CH/C6H3), 133.7 (CH/C6H3), 140.4 (iC/C6H3). EI-MS [m/z 
(rel. int.)] 217 (5) [M+], 174 (100) [M+ -NC2H5], 129 (50) [M+ - 2NMe2], 103 (40) [M+ -
(NMe2)2CN]. Anal. calc. for C13H19N3 (217.30): C, 71.85; H, 8.81; N, 19.34. Found: C, 71.75; 
H, 8.96; N, 18.62. 
 
 
4.4. Synthesis of Br-1-N≡C-4-C6H2(CH2NMe2)2-2,6 (2b) 
Method 1. Molecule 2b was prepared according to the procedure described for 2a using 
1.00 g (3.34 mmol) of Br-1-HC(O)-4-C6H2(CH2NMe2)2-2,6 (1b) and 302 mg (4.35 mmol) of 
H2NOH·HCl. After appropriate work-up, 550 mg (1.89 mmol, 56 % based on 1b) of 2b could 
be isolated as a yellow oil. 
Method 2. Compound 1b (73 mg, 0.24 mmol) was dissolved in 10 mL of conc. aqueous 
NH3 and 2 mL of tetrahydrofuran and I2 (68 mg, 0.27 mmol) were added in a single portion. 
The reaction mixture was stirred for 1 h at 25 °C. Afterwards it was quenched with 10 mL of 





dried over MgSO4, filtered through a pad of Celite and all volatiles were evaporated in oil-
pump vacuum to gave 2b (50 mg, 0.17 mmol, 70% based on 1b) as an yellow oil. 
 
IR (NaCl): [cm-1] 2231 (s) [νC≡N]. 1H NMR (CDCl3): [δ] 2.30 (s, 12 H, NMe2), 3.53 (s, 4 H, 
CH2N), 7.67 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 45.6 (NCH3), 63.3 (NCH2), 111.0 
(C-C≡N), 118.5 (C≡N), 131.4 (iCBr/C6H2), 131.8 (CH/C6H2), 140.6 (iC/C6H2). Anal. Calc. for 
C13H18BrN3 (296.20): C, 52.71; H, 6.13; N, 14.19. Found: C, 52.65; H, 6.58; N, 13.77. 
 
 
4.5. Synthesis of [PdBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] (6a) 
Molecule 2b (76 mg, 0.26 mmol) and 130 mg (0.13 mmol) of [Pd2(dba3)·CHCl3] (5a) were 
dissolved in 20 mL benzene and the reaction solution was stirred for 18 h at 25 °C. 
Afterwards, 20 mL of tetrahydrofuran were added and stirring was continued for 2 h. All 
volatiles were evaporated in oil-pump vacuum and the greenish-black residue was dissolved in 
20 mL of chloroform. The solution was filtered through a pad of Celite and the eluate was 
concentrated in oil-pump vacuum to 5 mL. On addition of n-hexane (50 mL) a yellow solid 
precipitated, which was washed three times with n-hexane (10 mL) and diethyl ether (10 mL) 
to gave 6a as a pale yellow solid in 70 mg yield (0.17 mmol, 69 % based on 5a). 
 
M.p.: [°C] >200. IR (KBr): [cm-1] 2219 (m) [νC≡N]. 1H NMR (d6-acetone): [δ] 2.95 (s, 12 H, 
NMe2), 4.17 (s, 4 H, CH2N), 7.17 (s, 2 H, C6H2). 13C{1H} NMR (d6-acetone): [δ] 53.9 
(NCH3), 74.7 (NCH2), 108.1 (C-C≡N), 120.3 (C≡N), 123.8 (CH/C6H2), 129.8 (iC/C6H2), 
147.9 (iCPd/C6H2). Anal. Calc. for C13H18BrN3Pd (402.63): C, 38.78; H, 4.51; N, 10.44. 
Found: C, 38.58; H, 4.42; N, 10.47. 
 
 
4.6. Synthesis of [PtBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] (6b) 
Compound 2b (198 mg, 0.63 mmol) and 290 mg (0.31 mmol) of [Pt(tol-4)2(SEt2)]2 (5b) 
were dissolved in 30 mL of benzene and were heated to reflux for 5 min. The yellow solution 
was then cooled to 25 °C and concentrated in oil-pump vacuum to 10 mL. Upon addition of 
20 mL of n-hexane to the reaction solution a yellow precipitate formed, which was collected, 
washed twice with n-hexane (10 mL) and diethyl ether (10 mL) and dried in oil-pump 






M.p.: [°C] >200. IR (KBr): [cm-1] 2219 (m) [νC≡N]. 1H NMR (CDCl3): [δ] 3.16 (s, 3JPtH = 
38.4 Hz, 12 H, NMe2), 4.02 (s, 3JPtH = 46.8 Hz, 4 H, CH2N), 7.07 (s, 4JPtH = 8.0 Hz, 2 H, 
C6H2). (CD3CN): [δ] 3.02 (s, 3JPtH = 38.5 Hz, 12 H, NMe2), 4.07 (s, 3JPtH = 45.4 Hz, 4 H, 
CH2N), 7.12 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 55.0 (NCH3), 76.7 (NCH2), 106.0 
(C-C≡N), 118.1 (C≡N), 123.0 (CH/C6H2), 144.2 (iC/C6H2), 151.3 (iCPt/C6H2). Anal. Calc. for 
C13H18BrN3Pt (491.29): C, 31.78; H, 3.69; N, 8.55. Found: C, 32.13; H, 3.95; N, 8.38. 
 
 
4.7. X-ray structure determinations of 6a and 6b 
6a: X-ray structure analysis was performed with a BRUKER SMART CCD equipment. 
Reflections were collected in the ω-scan mode in 0.3 ° steps and an exposure time of 45 
seconds per frame. All data were corrected for absorption using SADABS. E23 The structure 
was solved by direct methods using SHELXS-97 E24 and refined by full-matrix least-square 
procedures on F2 using SHELXL-97. E25 All non-hydrogen atoms were refined 
anisotropically. All hydrogen atoms have been taken from the difference Fourier map and 
refined freely.  
6b: Intensity data were collected on a Nonius Kappa CCD diffractometer. A multi-scan 
based absorption correction was applied using the program PLATON/MULABS. E26, E27 The 
structure was solved by direct methods using SHELXS-97 E24 and refined by full-matrix least-
squares procedures on F2 using SHELXS-97. E25 All non-hydrogen atoms were refined 
anisotropically. All hydrogen atom positions were constrained to idealized geometries and 
allowed to ride on their carrier atoms with an isotropic displacement parameter values related 
to the equivalent displacement parameter value of their carrier atoms. Structure validation was 
done with PLATON/CHECKIF. E26 The structure plots were performed with Platon. E26 
 
Table 2. Crystal and Intensity Collection Data for 6a and 6b. 
 Complex 6a Complex 6b 
Chemical Formula 











a (Å)  



















β (deg) 103.560(3) 104.4882(12) 
δcalc (g cm-3) 1.802 2.279 
F(000) 792 1840 
Z 
Crystal dimens. (mm) 
4 
0.3 x 0.2 x 0.2 
8 
0.30 x 0.18 x 0.09 
Radiation (λ Å) Mo-Kα  (0.71073) Mo-Kα (0.71073) 
Max., min. transmission  






Scan range (deg) 
298(2) 
2.68 ≤ Θ ≤ 26.39 
150 
1.6 ≤ Θ ≤ 27.4 
Index ranges 
-17≤ h ≤16, 0≤ k ≤11, 0≤ l 
≤14 
-26≤ h ≤26, -20≤ k ≤20, -11≤ l 
≤11 
Total reflections 
Unique reflections  








Completeness to Θmax 
R1, wR2 [I ≥ 2σ (I)] 




0.0267, 0.0645 a) 




0.0285, 0.0702 b) 
0.0396, 0.0702 b) 
0.071, 1.03 
Max., min. peaks in final  
Fourier map (e Å-3) 
0.368, -0.581 1.33, -1.68 
a) w = 1/[σ2(Fo2) + (0.0329P)2 + 0.6652P], where P = [Fo2+2Fc2]/3; b) w = 1/[σ2(Fo2)+ 
(0.0348P)2 + 3.3232P], where P = [Fo2+2Fc2]/3. 
 
 
4.8. Synthesis of {[Pt(N≡C-4-C6H2(CH2NMe2)2-2,6)](ClO4)}n (8) 
{[Ti](µ-σ,π-C≡CSiMe3)2}AgOClO3 (7) (52 mg, 0.072 mmol) was dissolved in 20 mL of 
tetrahydrofuran and 35 mg (0.071 mmol) of 6b in 20 mL of tetrahydrofuran were added 
dropwise at 25 °C. After the reaction mixture was stirred for 10 min at this temperature the 
pale yellow precipitate was filtered off, washed twice with tetrahydrofuran (5 mL) and dried 
in oil-pump vacuum to gave 35 mg (0.069 mmol, 96% based on 6b) of 8. 
 
M.p.: [°C] 173 (dec.). IR (NaCl): [cm-1] 2247 (m) [νC≡N], 1091 (s) [νCl-O]. 1H NMR 
(CD3CN): [δ] 1.83 (m, 4 H, ½Thf), 3.01 (s, 3JPtH = 39.5 Hz, 12 H, NMe2), 3.66 (m, 4 H, 





26.1 (½Thf), 53.0 (NCH3), 68.1 (½Thf), 74.8 (NCH2), 106.7 (C-C≡N), 119.0 (C≡N), 122.4 
(CH/C6H2), 145.7 (iC/C6H2), 149.5 (iCPt/C6H2). Anal. Calc. for C13H18ClN3O4Pt·½Thf 
(510.83): C, 32.94; H, 4.05; N, 7.68. Found: C, 33.13; H, 4.23; N, 7.89. 
 
4.9. Reaction of N≡C-1-C6H3(CH2NMe2)2-3,5 (2a) with t-BuLi and D2O 
Compound 2a (50 mg, 0.23 mmol) was dissolved in 20 mL of diethyl ether and 0.16 mL 
(0.24 mmol) of t-BuLi (1.5 M in n-hexane) were added drop-wise at -80 °C or 25 °C. After 
stirring at these temperatures for 30 min, 0.5 mL of D2O were added in one single portion. 
Stirring was continued for 30 min and the reaction solution was allowed to warm to 25 °C. All 
volatiles were removed in oil-pump vacuum to gave a mixture of DN=C(t-Bu)-1-
C6H3(CH2NMe2-3,5)2 (3) and O=C(t-Bu)-1-C6H3(CH2NMe2-3,5)2 (4), respectively, as yellow 
oil. 
 
3: As C17H29N3: EI MS [m/z (rel. int.)] 275 (40) [M+], 260 (125) [M+ -Me], 231 (75) [M+ - 
NMe2], 218 (50) [M+ - t-Bu], 187 (90) [M+ - 2 NMe2], 173 (100) [M+ - CH2(NMe2)2]. 
4: EI MS [m/z (rel. int.)] 276 (10) [M+], 232 (100) [M+ - NMe2], 219 (20) [M+ - t-Bu], 188 
(75) [M+ - 2 NMe2], 103 (55) [M+ - t-Bu(CH2NMe2)2]. 
 
 
5. Supplementary Material 
Crystallographic data for the structural analyses of 6a and 6b have been deposited with the 
Cambridge Crystallographic Data Centre, CCDC No. 240801 for 6a and CCDC No. 673470 
for 6b. Copies of this information may be obtained free of charge from The Director, CCDC, 
12 Union Road, Cambridge, CB2 1EZ UK (Fax. +44-1223-336033; E-mail: deposit@-




We are grateful to the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen 
Industrie for financial support. Part of this work was supported (A.L.S. and A.M.M.) by the 









 For example see: a) C.-T. Chen, K.S. Suslick, Coord. Chem. Rev., 1993, 128, 293. b) 
F. Paul, C. Lapinte, Coord. Chem. Rev., 1998, 178-180, 431. c) P. D. Beer, P.A. Gale, 
G.Z. Chen, Coord. Chem. Rev., 1999, 185-186, 3. d) O.B. Sutcliffe, M.R. Bryce, A.S. 
Batsanov, J. Organomet. Chem., 2002, 656, 211. e) C. Hortholary, C. Coudret, J. Org. 
Chem., 2003, 68, 2167. f) S. Rigaut, J. Perruchon, L. Le Pichon, D. Touchard, P.H. 
Dixneuf, J. Organomet. Chem., 2003, 670, 37. g) P.D. Beer, E.J. Hayes, Coord. Chem. 
Rev., 2003, 240, 167. h) J. Razumiene, A. Vilkanauskyte, V. Gureviciene, V. 
Laurinavicius, N.V. Roznyatovskaya, Y.V. Ageeva, M.D. Reshetova, A.D. Ryabov, J. 
Organomet. Chem., 2003, 668, 83. i) M.J. Moloto, S.M. Nelana, R.M. Moutloali, I.A. 
Guzei, J. Darkwa, J. Organomet. Chem., 2003, 689, 387. 
E2
 a) C.-T. Chen, K.S. Suslick, Coord. Chem. Rev., 1993, 128, 293. b) A.N. Khlobystov, 
A.J. Blake, N.R. Champness, D.A. Lemenovskii, A.G. Majouga, N.V. Zyk, M. 
Schröder, Coord. Chem. Rev., 2001, 222, 155. c) A. Erxleben, Coord. Chem. Rev., 
2003, 246, 203. 
E3
 a) P. J. Stang, D. H. Cao, S. Saito, A. M. Arif, J. Am. Chem. Soc., 1995, 117, 6273. b) 
M. Du, S.-T. Chen, X.-H. Bu, J. Ribas, Inorg. Chem. Commun., 2002, 5, 1003. c) M.P. 
Suh, H.R. Moon, E.Y. Lee, S.Y. Jang, J. Am. Chem. Soc., 2006, 128, 4710. 
E4
 M.-L. Tong, L.-J. Li, K. Mochizuki, H.-C. Chang, X.-M. Chen, Y. Li, S. Kitagawa, 
Chem. Commun., 2003, 3, 428. 
E5
 a) D.K. Shin, I.S. Lee, Y.K. Chung, Inorg. Chem., 2003, 42, 8838. b) N. Schultheiss, 
D.R. Powell, E. Bosch, Inorg. Chem., 2003, 42, 8886. c) M. Al-Anber, B. Walfort, S. 
Vatsadze, H. Lang, Inorg. Chem. Commun., 2004, 7, 799. d) L. Han, M. Hong, Inorg. 
Chem. Commun., 2005, 8, 406. 
E6
 a) Y.K. Kryschenko, S.R. Seidel, A.M. Arif, P.J. Stang, J. Am. Chem. Soc., 2003, 125, 
5193. b) K.W. Chi, C. Addicott, Y.K. Kryschenko, P.J. Stang, J. Org. Chem., 2004, 
69, 964. 
E7
 H. Lang, R. Packheiser, B. Walfort, Organometallics, 2006, 25, 1836 and refs. cited 
therein. 
E8
 For example: a) G. A. Olah, T. Keumi, Synthesis, 1979, 112. b) S. S. Elmorsy, A. S. 
El-Ahl, H. Soliman, F. A. Amer, Tetrahedron Lett., 1995, 36, 2639. c) S. Talukdar, J.-
L. Hsu, T.-C. Chou, J.-M. Fang, Tetrahedron Lett., 2001, 42, 1103. d) L. De Luca, G. 






 a) J. Terheijden, G. van Koten, F. Muller, D.M. Grove, K. Vrieze, E. Nielsen, C.H. 
Stam, J. Organomet. Chem., 1986, 315, 401. b) M.-C. Lagunas, R.A. Gossage, A.L. 
Spek, G. van Koten, Organometalics, 1998, 17, 731. 
E10
 D.M. Grove, G. van Koten, J.N. Louwen, J.G. Noltes, A.L. Spek, H.J.C. Ubbels, J. 
Am. Chem. Soc., 1982, 104, 6609. 
E11
 a) P.L. Pickard, T.L. Toblert, J. Org. Chem., 1961, 26, 4486. b) E.C. Ashby, L. Chao, 
H.M. Neumann, J. Am. Chem. Soc., 1973, 95, 5186. 
E12
 G. Rodríguez, M. Albrecht, J. Schoenmaker, A. Ford, M. Lutz, A. L. Spek, G. van 
Koten, J. Am. Chem. Soc., 2002, 124, 5127. 
E13
 a) H. Lang, M. Herres, L. Zsolnai, Organometallics, 1993, 12, 5008. b) M. Herres, H. 
Lang, J. Organomet. Chem., 1994, 480, 235. 
E14
 SDBSWeb: http://www.aist.go.jp/RIODB/SDBS/ (National Institute of Advanced 
Industrial Science and Technology, date of access 07.01.2007) 
E15
 S. Köcher, H. Lang, J. Organomet. Chem., 2001, 637-639, 198. 
E16
 W. Beck, K. Sünkel, Chem. Rev., 1988, 88, 1405. 
E17
 For examples see: a) G. Wilkinson, R. D. Gillard, J. A. McCleverty, Comprehensive 
Coordination Chemistry Vol. 2, Pergamon Press, 1987, 261. b) R. Büchner, J.S. Field, 
R.J. Haines, C.T. Cunningham, D.R. McMillin, Inorg. Chem., 1997, 36, 3952. c) S. 
Lopez, S.W. Keller, Inorg. Chem., 1999, 38, 1883. 
E18
 I. del Río, S. Back, M.S. Hannu, G. Rheinwald, H. Lang, G. van Koten, Inorg. Chim. 
Acta, 2000, 300-302, 1094. 
E19
 M.D. Meijer, M. Rump, R.A. Gossage, J.H.T.B. Jastrzebski, G. van Koten, 
Tetrahedron Lett., 1998, 39, 6773. 
E20
 M.Q. Slagt, H.P. Dijkstra, A. McDonald, R.J.M. Klein Gebbink, M. Lutz, D.D. Ellis, 
A.M. Mills, A.L. Spek, G. van Koten, Organometallics, 2003, 22, 4175. 
E21
 S. Komiya, Synthesis of Organometallic Compounds, Wiley, Winchester, U.K., 1997. 
E22
 a) B. R. Steele, K. Vrieze, Transition Met. Chem., 1977, 2, 140. b) A. J. Canty, J. 
Patel, B. W. Skelton, A. J. White, J. Organomet. Chem., 2000, 599, 195. 
E23
 G. M. Sheldrick, SADABS V2.03, Program for Empirical Absorption Correction of 
Area Detector Data, University of Göttingen, 2001. 
E24
 G. M. Sheldrick, Acta Crystallogr., Sect. A, 1990, 46, 467. 
E25







 a) A.L. Spek PLATON, A Multipurpose Crystallographic Tool, Utrecht University, 
Utrecht, The Netherlands, 2005. b) A.L. Spek, J. Appl. Cryst., 2003, 36, 7. 
E27









F Heterobimetallic Fe-Pd and Fe-Pt NCN-Pincer Complexes 
 
Stefan Köcher, Martin Lutz, Anthony L. Spek, Rajendra Prasad, Gerard P. M. van 
Klink, Gerard van Koten, and Heinrich Lang 
 
 




Over the last years, the manifold coordination chemistry of diphosphino- and disulfido-aryl 
anions and the related diaminoaryl pincers NCN (NCN = [C6H3(CH2NMe2)2-2,6]–) toward 
different transition metal ions has been intensively investigated. F1, F2 In thus accessible 
transition metal pincer complexes, stable metal-carbon σ-bonds are present, due to the 
chelating effect of, i.e. the two Me2NCH2 ortho-substituents. F3 The synthesis of para-
functionalised Y-NCN-MX complexes (M = Ni, Pd, Pt; X = halide; Y = alkynyl, halide, …) 
opens the possibility to prepare larger molecules with specific physical and chemical 
properties. F4 Such species are of particular interest, since they can be used as building blocks 
in, for example, the synthesis of one-dimensional molecular wires with electronic conduction 
along a linear pi-conjugated organometallic chain F5. They also provide an entry into liquid 
crystalline materials, F6 homogeneous catalysis or molecular electronics, i.e. optical and 
physical sensors. F7 Among them, redox-active organic and/or organometallic species with 
reversibly switchable electron density and electronic properties are attractive building blocks. 
The one-electron reservoir ferrocene is, due to its robustness, a most promising unit to be 
incorporated in such multimetallic assemblies.  
The oxidation of ferrocene-based compounds is possible by using electrochemical methods 
such as cyclovoltammetry to determine the Fe2+/Fe3+ redox potential and with that the 
electron density at the ferrocene moiety. This gives rise to the possibility to use such systems 
as sensory materials which can electrochemically be read out. 
We report here on the synthesis of NCN-pincer-substituted ferrocenes of type Fc-NCN-H 
and Fc-C≡C-NCN-H (NCN-H = C6H3(CH2NMe2)2-3,5) and on their subsequent metallation 





(CH2NMe2)2-2,6]–; M = Pd, Pt; X = Cl, I), respectively. Their electrochemical behaviour and 
reversible absorption ability toward SO2 is discussed as well. 
 
2. Results and discussion 
2.1. Synthesis and spectroscopy 
Carbon-carbon cross-coupling catalysed by transition metals can successfully be used to 
prepare rigid-rod structured π-conjugated organic and organometallic NCN-pincer-
functionalised ferrocenes. F8, F9 
Treatment of Fc-B(OH)2 (1) (Fc = (η5-C5H5)(η5-C5H4)Fe) with I-1-C6H3(CH2NMe2)2-3,5 
(2) following the Suzuki cross-coupling protocol F8e in presence of catalytic amounts of 
[(dppf)PdCl2] (dppf = 1,1’-bis(diphenylphosphino)ferrocene) gives Fc-NCN-H (3) (NCN-H = 
1-C6H3(CH2NMe2)2-3,5) (Equation 1), which after appropriate work-up, can be isolated as a 














DME/NaOH, 6 d reflux
(1)
 
In 3 the NCN-pincer moiety is connected to the ferrocene core via a single carbon-carbon 
bond. This might lead to repulsive interactions between the ortho-hydrogen atoms of the C5H4 
and C6H3 rings and hence, these two planes will be twisted toward each other. This may 
prevent an effective electronic communication between the iron atom and the metallated 
NCN-pincer unit. Thus, the insertion of a suitable pi-conjugated -C≡C- or -C=C- spacer is a 
promising alternative, although the electronically interacting parts will be more separated 
from each other. Therefore, Fc-C≡C-NCN-H (5) was prepared in a Sonogashira reaction [8d] 
by reacting Fc-C≡CH (4) with 2 in the presence of catalytic amounts of [(Ph3P)2PdCl2]/[CuI] 
in diisopropyl amine as solvent (Equation 2). After appropriate work-up, 5 can be isolated as 























Compounds 3 and 5 are soluble in common organic solvents, such as n-hexane, toluene, 
diethyl ether and dichloromethane. 
Treatment of n-hexane solutions containing 3 or 5 with n-BuLi gave Li-3 and Li-5 which 
was further reacted with an excess of iodine to produce the iodo-functionalised sandwich 
complexes Fc-NCN-I (6) and Fc-C≡C-NCN-I (10) as orange oils in 82 and 80 % yield, 
respectively (Schemes 1 and 2). 
On reacting either 6 with equimolar amounts of [Pt(tol)2(SEt2)]2 (tol = 4-tolyl) in refluxing 
toluene for 5 min, or 10 with stoichiometric amounts of the Pd source [Pd2(dba)3·CHCl3] (dba 
= dibenzylidene acetone) in benzene at 25 °C, an oxidative addition of the C-I bond in 6 and 
10 to M (M = Pd, Pt) occured. After appropriate work-up, the respective orange coloured 
heterobimetallic complexes Fe-NCN-PtI (9) and Fc-C≡C-NCN-PdI (12) could be isolated in 




















8: MX = PtCl
9: MX = PtI
 






















11: MX = PdCl
12: MX = PdI
13: MX = PtCl
 
Scheme 2. Synthesis of 10 - 13. 
 
A possibility to synthesise 7, 8, 11, and 13 is given by a two-step metallation-
transmetallation procedure: lithiation of 3 and 5 by the addition of n-BuLi (vide supra) and 
subsequent treatment of Li-3 and Li-5 with [(Et2S)2PdCl2] or [(Et2S)2PtCl2] in a 1:1 molar 
ratio produced heterobimetallic Fc-NCN-MCl (7: M = Pd; 8: M = Pt) or Fc-C≡C-NCN-MCl 
(11: M = Pd; 13: M = Pt) in yields between 30 - 75 % (Schemes 1 and 2). Nevertheless, the 
presence of a C≡C triple bond as given in 11 and 13 decreased the yield of these compounds 
significantly. A similar trend was found for NCN-pincer-functionalised ferrocenes with two 
-C≡C-moieties, where the metallation–transmetallation procedure failed. F9b, F10 In 
comparison, the iodine-oxidative addition route (synthesis of 12) doubles the yield (58 %), 
when compared with the lithium-transmetallation protocol (11: 29 %). 
 
The 1H NMR spectra of 3, 5, 6 and 10 show the expected resonance signals typical for non-
metallated NCN-pincer complexes. F2, F3 The NMe2 and CH2 protons appear as singlets at 2.26 
and 3.43 ppm for 3 and 2.23 and 3.37 ppm for 5. The respective resonances for 6 and 10 are 
observed at 2.35 and 3.54 ppm (6) and 2.34 and 3.51 ppm (10). Coordination of the ortho-
Me2NCH2 substituents to palladium (7, 11, 12) or platinum (8, 9, 13) results in a significant 
low-field shift of the NMe2 (2.9 - 3.2 ppm) and CH2 (ca. 4.0 ppm) protons. The signals for the 
C6H2 entity also confirm the binding of this group to Pd and Pt, respectively. Thus, due to the 
increased electron density at the benzene ring a high-field shift from 7.31 (3) or 7.33 ppm (5) 





FePt complexes 8, 9 and 13 show typical 195Pt satellites with coupling constants of 36 - 38 Hz 
(3JPtH(Me)) and ca. 46 Hz (3JPtH(CH2)).  
 
In the 13C{1H} NMR spectra of 7 - 9 and 11 - 13 the downfield shift of the CH2 and NMe2 
carbon atoms upon complexation to the group-10 transition metals is observed as well (i.e. 3: 
64.4, 45.4 ppm; 9: 76.8, 56.3 ppm). The ferrocene ipso-carbon atoms for 3 and 6 – 9, where 
the C6H2 group is directly bonded to the cyclopentadienyl ring, appears between 84 and 87 
ppm. For 5 and 10 - 13 the presence of a C≡C spacer unit between the sandwich and the 
NCN-pincer moieties shifts the resonance signal of this carbon atom to ca. 65 ppm. 
All other resonances for the ferrocene entity in 3 and 5 – 13 in both the 1H and 13C{1H} 
NMR spectra are not significantly influenced by the differently substituted NCN units and 
appear in the region typical for ferrocene-based complexes. 
 
The C≡C stretching frequencies in 5 and 10 – 13 are not affected by the introduction of 
iodine, palladium or platinum and are found at ca. 2210 cm-1 in the IR spectra of these 
species. 
 
2.2. Electrochemical studies 
Cyclovoltammetric studies were carried out for 2, 3, 7 and 8, in acetonitrile and for 5, 7, 11, 
13 and 14 in tetrahydrofuran solutions. As examples, the cyclic voltammograms of 2 and 7 are 
depicted in Figures 1 and 2, respectively. 
 
 
Figure 1. Cyclic voltammogram of 2 in acetonitrile in the presence of [n-Bu4N][PF6] (c = 


















Cp2Fe/ Cp2Fe+ redox couple as internal standard (Cp2Fe = (η5-C5H5)2Fe, E1/2 = 
0.00 V). 
 
The cyclic voltammogram of 2 shows a irreversible oxidation at +0.76 V, which also has 
been found at similar potentials for complexes 3, 5, 7, 8, 11, 13 and 14 (Table 1). It most 
likely arises from the oxidation of the NCN pincer unit. F9, F11 An analogous behaviour has 
been reported for benzyl amine. F12 The second wave at +2.13 V can be assigned to the I-/I2 
oxidation. 
 
Figure 2. Cyclic voltammogram of 7 in acetonitrile in the presence of [n-Bu4N][PF6] (c = 
0.10 M, 25 °C, argon, scan rate = 200 mV s-1). Potentials are referenced to the 
Cp2Fe/ Cp2Fe+ redox couple as internal standard (Cp2Fe = (η5-C5H5)2Fe, E1/2 = 
0.00 V). 
 
The redox potentials of monometallic 3 and 5 are, when compared to the Cp2Fe/Cp2Fe+ 
redox-couple (Cp2Fe = (η5-C5H5)2Fe), shifted to a somewhat more positive value (Table 1). 
This change can be explained by the presence of electron withdrawing groups (the NCN-

















Table 1. Electrochemical Data of 2, 3, 5, 7, 8, and 11 - 13. a) 
Compd. E1/2 [V]     ∆Ep [mV] Eox [V] 
I-NCNH (2) b)   + 0.76, +2.13 
CpFe(C5H4NCNH) (3) b) + 0.02 80 + 0.72 
CpFe(C5H4C2NCNH) (5) c) + 0.10 192 + 0.83 
CpFe(C5H4NCNPdCl) (7) b) + 0.01 85 + 0.70 
CpFe(C5H4NCNPtCl) (8) b) - 0.02 70 + 0.68 
CpFe(C5H4NCNPtCl) (8) c) - 0.05 146 + 0.69 
CpFe(C5H4C2NCNPdCl) (11) c) + 0.08 150 d) 
CpFe(C5H4C2NCNPdI) (12) c) + 0.06 105 + 0.76 
CpFe(C5H4C2NCNPtCl) (13) c) - 0.03 133 + 0.73 
a) E1/2 is the potential of the Fe2+/Fe3+ redox couple, ∆Ep is the peak-to-peak 
separation between the reduction and oxidation wave maxima, Eox is the potential of 
the irreversible oxidation. b) In acetonitrile. c) In tetrahydrofuran. d) Broad 
oxidation wave which could not be assigned, due to the electrochemical window of 
the solvent used. 
 
The NCN complexation to either palladium or platinum in 7, 8, 11 and 13 leads to a small 
shift of the Fe2+/Fe3+ potentials to negative values (Table 1). For example, the cyclic 
voltammogram of 7 reveals the ferrocene-based wave at +0.01 V, showing a small influence 
of the presence of the palladium(II) ion on the redox potential of the iron atom. As compared 
with 3, a somewhat more pronounced shift (-40 mV) for 8 is found, where a platinum(II) ion 
is present. A similar dependence of the ferrocene redox couple towards different metal ions 
was found for bis-NCN pincer-substituted ferrocenes. F9 This confirms that the Fe(II) ion is 
easier to oxidise, which is most likely caused by the ortho-metallation if the NCN-pincer 
moiety (neutral versus anionic NCN; Pd(II), Pt(II)). For 11 - 13, where the ferrocene and the 
pincer entities are connected by an acetylenic unit, an analogous dependence of the ferrocene 
redox-couple towards the presence of either Pd(II) or Pt(II) is observed (Table 1). The degree 
of interaction is thereof similar for aryl-ferrocenes with a slightly distorted overlapp of the pi-
orbitals. This distortion overlap can be explained by on the one hand the repulsive interaction 
of the ortho-hydrogen atoms and on the other hand by the extended distance between the 






The influence of the Fe(II)/Fe(III) redox couple towards the presence of either palladium or 
platinum can also be used to monitor modifications in the electron density at the NCN 
building block by cyclic voltammetry. It is known that platinum NCN-pincer complexes 
possess the ability to reversibly bind SO2. F14 For example, colourless HO-NCN-PtCl absorbs 
gaseous SO2 to form orange HO-NCN-Pt(Cl)(SO2). This colour change is combined with a 
change of the electron density at the NCN-pincer unit. F14 With this in mind, we treated a 



















The potential for the Fe2+/Fe3+ couple for 8 is found at -0.05 V. Upon bubbling SO2 through 
this solution this wave is shifted by 20 mV to -0.03 V upon formation of Fc-NCN-Pt(Cl)(SO2) 
(14) (Equation 3). Although the shift is relative small we address the change to the presence 
of coordinated SO2, since the measurements were performed directly after each other. This 
finding indicates that the iron centre becomes somewhat more difficult to oxidise, which can 
explained by a reduced electron density at 14, when compared with 8, due to the η1-S 
coordination of SO2 to platinum (via interaction of the filled Pt-dz2 orbital with the empty σ* 
of SO2). This denotes that these heterobimetallic ferrocene-platinum complexes can be used 
as chemical sensors for SO2. We are currently investigating this topic in further detail. 
 
2.3. Soli state structures of 8 and 13 
Single crystals of 8 and 13 suitable for X-ray structure analysis could be obtained by slow 
evaporation of a solution of either 8 or 13 in a dichloromethane-acetone mixture (ratio 20:1) 
at -30 °C. The molecular structures of 8 and 13 are shown in Figures 3 and 4. Geometric 
































Figure 3. Displacement ellipsoid plot of the molecular structure of 8 in the crystal, drawn at 




























Figure 4. Displacement ellipsoid plot of the molecular structure of 13 in the crystal, drawn at 







Table 2. Selected Bond Distances (Å), Angles (°), and Torsion Angels (°) for 8 and 13.a) 
Bond Distances Bond Angles Torsion Angles 
Complex 8 c) 
Pt1-Cl1 2.4452(9) Cl1-Pt1-C1 177.57(11) C1-C2-C7-N1 20.9(5) 
Pt1-C1 1.925(4) N1-Pt1-N2 164.65(12) C1-C6-C10-N2 22.4(5) 
Pt1-N1 2.092(3) Cl1-Pt1-N1 96.19(9) Pt1-N1-C7-C2 -25.6(4) 
Pt1-N2 2.092(3) Cl1-Pt1-N2 99.15(9) Pt1-N2-C10-C6 -27.8(4) 
D1-Fe1 b) 1.641(2) D1-Fe1-D2 b) 178.77(15)   
D2-Fe1 b) 1.639(3)     
Complex 13 
Pt1-Cl1 2.4304(15) Cl1-Pt1-C1 178.91(19) C1-C2-C7-N1 25.0(7) 
Pt1-C1 1.914(6) N1-Pt1-N2 163.09(19) C1-C6-C10-N2 23.8(7) 
Pt1-N1 2.102(5) Cl1-Pt1-N1 99.43(14) Pt1-N1-C7-C2 -32.4(5) 
Pt1-N2 2.091(5) Cl1-Pt1-N2 97.46(14) Pt1-N2-C10-C6 -32.6(6) 
C13-C14 1.169(9) C4-C13-C14 177.0(7)   
Fe1-D1 b) 1.634(3) C13-C14-C15 177.3(7)   
Fe1-D2 b) 1.634(3) D1-Fe1-D2 b) 177.75(17)   
a)
 Standard uncertainties are given in the last significant figure(s) in parenthesis. b) D1, D2: 
Centroids of the cyclopentadienyl ligands (8: D1 = C13 – C17, D2 = C18 – C22; 13: D1 = 
C15 – C19, D2 = C20 – C24). c) Only one of the two independent molecules is considered. 
 
Complexes 8 and 13 both crystallise in the monoclinic space group P21/c. The main 
molecular features of 8 and 13 resemble the structural data, characteristic for ferrocene and 
NCN pincer complexes. F2, F15 The asymmetric unit of crystals of 8 contains two molecules of 
8, having similar bond distances and bond angles. Therefore, only the data for the residue 
depicted in Figure 3 is discussed. As characteristic for other ferrocene complexes the Fe1-D1 
and Fe1-D2 separations (D1, D2 = centroids of the cyclopentadienyl ligands C5H4 and C5H5, 
respectively) are found with 1.641(2) and 1.639(3) Å for 8 and 1.634(3) Å for 13. F16 The two 
cyclopentadienyl ligands are thereby rotated by -12.2(4) (8) or 2.5(5) ° (13) with respect to 
each other, which verifies an almost eclipsed conformation. The metals Pt1 (8 and 13) adopt a 
distorted square-planar geometry set-up by C1, N1, N2 and Cl1 (Figures 3 and 4). The C1-
Pt1-Cl1 bond angles are with 177.57(11) (8) and 178.91(19) ° (13) almost linear, whereas the 
N1-Pt1-N2 angles with 164.65(12) (8) and 163.09(19) ° (13) deviate from linearity. The 
coordination plane around Pt1 is almost coplanar with the plane of the C6H2 ring (8: 8.9 °, 13: 
12.7 °). As expected, the C≡C functionality in 13 is linear with angels of 177.0(7) ° (C4-C13-





A further noticeable feature of 8 and 13 is the angle of the planes between the C6H2 unit and 
the η5-coordinated C5H4 rings. For 8 tilting angles of 27.2(3) and 38.2(3)° and for 13 a value 
of 45.9(3) ° are found. This orientation averts an optimal overlap between the pi-orbitals of the 
cyclopentadienyl and NCN-PtCl pincer fragments. F16 However, the interplanar angle seems 
mainly to depend on crystal packing effects, since for 8 two different angels were found and 
for 13, with less repulsive interactions between the ortho-hydrogen atoms of the C5H4 and 
C6H2 rings, due to the C≡C spacer, a lager value has been observed. 
 
 
3. Experimental Part 
3.1. General Methods  
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene, toluene and n-hexane were 
purified by distillation from sodium/ benzophenone ketyl. i-Pr2NH was dried by distillation 
from KOH. Infrared spectra were recorded with a Perkin-Elmer FT-IR 1000 spectrometer. 
NMR spectra were recorded with a Bruker Avance 250 spectrometer (1H NMR: 250.12 MHz, 
13C{1H} NMR: 62.86 MHz) or with a Varian Inova 300 spectrometer (1H NMR: 300.10 MHz, 
13C{1H} NMR: 75.47 MHz) in the Fourier transform mode. Chemical shifts are reported in δ 
units (parts per million) downfield from tetramethylsilane (δ = 0.00 ppm) with the solvent as 
the reference signal (CDCl3: 1H NMR, δ = 7.26; 13C{1H} NMR, δ = 77.0). Cyclic 
voltammograms were recorded in a dried cell purged with purified nitrogen at 25 °C. 
Platinum wires served as working and as counter electrode. A Ag/AgCl or a saturated calomel 
electrode served as reference electrode. For ease of comparison, all electrode potentials are 
converted using the redox potential of the ferrocene-ferrocenium couple Cp2Fe/ Cp2Fe+ 
(Cp2Fe = (η5-C5H5)2Fe) as the reference (E1/2 = 0.00 V). F17 Electrolyte solutions were 
prepared from freshly distilled acetonitrile or tetrahydrofuran and [NBu4]PF6 (dried in oil-
pump vacuum at 120 °C, c = 0.1 M). The respective organometallic compounds were added at 
c = 1.0 mM. The Cyclic voltammograms were recorded at a scan rate of 200 mV s-1 using a 
Princeton Applied Research EG&G 263A Analyser or a Radiometer Copenhagen DEA 101 
Digital Electrochemical Analyser with an IMT 102 electrochemical interface. Melting points 
were determined using sealed nitrogen purged capillaries on a Gallenkamp MFB 595 010 M 
melting point apparatus. Microanalyses were performed by the Dornis und Kolbe, 
Mikroanalytisches Laboratorium, Mülheim a. d. Ruhr and by the Department of Organic 






3.2. General Remarks  
Fc-B(OH)2 (1), F18 I-1-C6H3(CH2NMe2)2-3,5 (2), F19 Fc-C≡CH (4), F20 [PdCl2(SEt2)2], F21 
[PtCl2(SEt2)2], F21, F22 [Pd2(dba)3·CHCl3], F23 and [Pt(4-tol)2(SEt2)]2 F24 were prepared 
following published procedures. All other chemicals were commercially available and were 
used as received. 
 
3.3. Synthesis of Fc-NCN-H (3) 
Compound 1 (1.60 g, 6.96 mmol) and 2.22 g (6.96 mmol) of 2 were dissolved in 50 mL of 
dimethoxymethane and 15 mL of 3 M NaOH were added. Afterwards 50 mg (0.07 mmol, 1.0 
mol%) of [(dppf)PdCl2] were added at 25 °C. After keeping the reaction mixture for 6 days at 
reflux it was cooled to 25 °C, dissolved in 100 mL of chloroform followed by addition of 100 
mL of water. The aqueous phase was extracted three times with 100 mL of diethyl ether. The 
combined organic phases were dried over MgSO4, filtered and then all volatiles were 
evaporated from the filtrate (oil-pump vacuum). Chromatography on neutral alumina (5 x 15 
cm) with diethyl ether gave 120 mg (0.65 mmol, 9 % based on 1) of recovered Fc-B(OH)2. By 
changing the solvent to diethyl ether-tetrahydrofuran (ratio 1:2) 3 was be obtained as a red oil. 
Yield: 710 mg (1.89 mmol, 27 % based on 1). 
 
1H NMR (CDCl3): [δ] 2.26 (s, 12 H, NMe2), 3.43 (s, 4 H, CH2N), 4.02 (s, 5 H, C5H5), 4.29 
(pt, JHH = 1.8 Hz, 2 H, C5H4), 4.67 (pt, JHH = 1.8 Hz, 2 H, C5H4), 7.07 (s, 1 H, C6H3), 7.31 (s, 
2 H, C6H3). 13C{1H} NMR (CDCl3): [δ] 45.4 (NCH3), 64.4 (NCH2), 66.6 (CH/C5H4), 68.8 
(CH/C5H4), 69.5 (CH/C5H5), 85.3 (iC/C5H4), 125.6 (CH/C6H3), 127.7 (CH/C6H3), 138.7 
(iC/C6H3), 139.0 (iC/C6H3). Anal. calcd. for C22H28FeN2 (376.31): C, 70.18; H, 7.50; N, 7.45. 
Found: C, 69.69; H, 7.57; N, 7.53. 
 
3.4. Synthesis of Fc-C≡C-NCN-H (5) 
Compound 4 (294 mg, 1.4 mmol), 318 mg (1.0 mmol) of 2, 35 mg (0.05 mmol, 5.0 mol%) 
of [(Ph3P)2PdCl2] and 10 mg (0.05 mmol, 5.0 mol%) of [CuI] were dissolved in 20 mL of i-
Pr2NH. The reaction mixture was heated for 5 h to reflux and was than evaporated in oil-pump 
vacuum. Chromatography on neutral alumina (5 x 15 cm) with diethyl ether yielded 20 mg 
(0.10 mmol, 7 % based on 2) of recovered 4. By changing the solvent to tetrahydrofuran the 






IR (NaCl): [cm-1] 2212 (s) [νC≡C]. 1H NMR (CDCl3): [δ] 2.23 (s, 12 H, NMe2), 3.37 (s, 4 H, 
CH2N), 4.20 (pt, JHH = 1.5 Hz, 2 H, C5H4), 4.21 (s, 5 H, C5H5), 4.45 (pt, JHH = 1.5 Hz, 2 H, 
C5H4), 7.18 (s, 1 H, C6H3), 7.33 (s, 2 H, C6H3). 13C{1H} NMR (CDCl3): [δ] 45.3 (NCH3), 
63.9 (NCH2), 65.3 (iC/C5H4), 68.7 (CH/C5H4), 69.9 (CH/C5H5), 71.3 (CH/C5H4), 85.7 
(FcC≡C), 88.1 (FcC≡C), 123.8 (iC/C6H3), 129.1 (CH/C6H3), 130.7 (CH/C6H3), 138.9 
(iC/C6H3). Anal. calcd. for C24H28FeN2 (400.33): C, 72.00; H, 7.05; N, 7.00. Found: C, 71.84; 
H, 6.92; N, 6.90. 
 
3.5. Synthesis of Fc-NCN-I (6) 
Complex 3 (160 mg, 0.43 mmol) was dissolved in 30 mL of n-hexane and 0.35 mL (0.56 
mmol, 1.6 M solution in n-hexane) of n-BuLi were added at 25 °C. After stirring this reaction 
mixture for 16 h at this temperature all volatiles were removed (oil-pump vacuum). The 
orange residue was dissolved in 30 mL of diethyl ether, treated with 200 mg (0.79 mmol) of I2 
and stirred for 6 h at 25 °C. A solution of 1.0 g Na2S2O3 in 50 mL of water was then added. 
The organic phase was separated, extracted with 50 mL of water, dried over MgSO4, filtered 
and evaporated in oil-pump vacuum to gave 175 mg (0.35 mmol, 82% based on 3) of 6 as an 
orange oil. 
 
1H NMR (CDCl3): [δ] 2.35 (s, 12 H, NMe2), 3.54 (s, 4 H, CH2N), 4.03 (s, 5 H, C5H5), 4.32 
(pt, JHH = 1.8 Hz, 2 H, C5H4), 4.71 (pt, JHH = 1.8 Hz, 2 H, C5H4), 7.40 (s, 2 H, C6H2). 13C{1H} 
NMR (CDCl3): [δ] 45.5 (NCH3), 66.6 (CH/C5H4), 69.0 (NCH2), 69.0 (CH/C5H4), 69.5 
(CH/C5H5), 84.1 (iC/C5H4), 103.9 (iCI/C6H2), 126.6 (CH/C6H2), 138.7 (iC/C6H2), 141.5 
(iC/C6H2). Anal. calcd. for C22H27FeIN2 (502.21): C, 52.61; H, 5.42; N, 5.58. Found: C, 
52.01; H, 5.29; N, 5.76. 
 
3.6. Synthesis of Fc-NCN-PdCl (7) 
Complex 3 (100 mg, 0.28 mmol) was dissolved in 30 mL of n-hexane and 0.18 mL (0.28 
mmol, 1.6 M solution in n-hexane) of n-BuLi were drop-wise added at 25 °C. Afterwards the 
reaction mixture was stirred for 18 h at this temperature and then all volatiles were removed 
(oil-pump vacuum). The orange residue was dissolved in 30 mL of diethyl ether, treated with 
100 mg (0.28 mmol) of [(Et2S)2PdCl2] and stirred for 18 h at room temperature. During this 
time a precipitate formed which was collected and dried in oil-pump vacuum. The orange 





(oil-pump vacuum) to gave 110 mg (0.21 mmol, 76 % based on [(Et2S)2PdCl2)] of 7 as an 
orange solid. 
 
M.p.: [°C] 93 (dec). 1H NMR (CDCl3): [δ] 2.97 (s, 12 H, NMe2), 4.02 (s, 4 H, CH2N), 4.04 
(s, 5 H, C5H5), 4.26 (pt, JHH = 1.8 Hz, 2 H, C5H4), 4.50 (pt, JHH = 1.8 Hz, 2 H, C5H4), 6.90 (s, 
2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 53.1 (NCH3), 66.2 (CH/C5H4), 68.6 (CH/C5H4), 69.5 
(CH/C5H5), 74.7 (NCH2), 86.4 (iC/C5H4), 117.7 (CH/C6H2), 135.7 (iC/C6H2), 144.9 (iC/C6H2), 
154.2 (iC/C6H2). Anal. calcd. for C22H27ClFeN2Pd (517.18): C, 51.09; H, 5.26; N, 5.42. 
Found: C, 51.19; H, 5.26; N, 5.82. 
 
3.7. Synthesis of Fc-NCN-PtCl (8) 
Complex 3 (110 mg, 0.29 mmol) was dissolved in 20 mL of n-hexane and 0.19 mL (0.30 
mmol, 1.6 M solution in n-hexane) of n-BuLi were drop-wise added at 25 °C. The reaction 
mixture was stirred for 18 h at room temperature. Afterwards, all volatiles were removed in 
oil-pump vacuum. The orange residue was dissolved in 20 mL of diethyl ether, treated with 
130 mg (0.29 mmol) of [(Et2S)2PtCl2] and stirred for 5 h at 25 °C. During this time a 
precipitate formed which was collected and dried (oil-pump vacuum). The orange solid was 
dissolved in dichloromethane, filtered through a pad of Celite and dried in oil-pump vacuum 
to gave 130 mg (0.21 mmol, 74 % based on [(Et2S)2PtCl2]) of 8 as an orange solid. 
 
M.p.: [°C] 95 (dec.). 1H NMR (CDCl3): [δ] 3.11 (s, 3JPtH = 38.4 Hz, 12 H, NMe2), 4.05 (s, 
3JPtH = 46.6 Hz, 4 H, CH2N), 4.05 (s, 5 H, C5H5), 4.25 (pt, JHH = 1.8 Hz, 2 H, C5H4), 4.51 (pt, 
JHH = 1.8 Hz, 2 H, C5H4), 6.94 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 54.4 (NCH3), 66.0 
(CH/C5H4), 68.3 (CH/C5H4), 69.4 (CH/C5H5), 77.7 (NCH2), 87.5 (iC/C5H4), 117.4 (CH/C6H2), 
134.1 (iC/C6H2), 143.1 (iCPt/C6H2), 143.2 (iC/C6H3). Anal. calcd. for C22H27ClFeN2Pt 
(605.84): C, 43.61; H, 4.46; N, 4.62. Found: C, 43.81; H, 4.58; N, 4.53. 
 
3.8. Synthesis of Fc-NCN-PtI (9) 
Compound 6 (100 mg, 0.20 mmol) and 90 mg (0.10 mmol) of [Pt(tol)2(SEt2)]2 were 
dissolved in 20 mL of toluene and were heated to reflux for 5 min. The obtained orange 
solution was then cooled to 25 °C and concentrated in oil-pump vacuum to 5 mL. Upon 
addition of 20 mL of n-hexane an orange precipitate formed which was collected, washed 
twice with 10 mL of n-hexane and 10 mL of diethyl ether and dried in oil-pump vacuum. 






M.p.: [°C] 92 (dec). 1H NMR (CDCl3): [δ] 3.20 (s, 3JPtH = 38.9 Hz, 12 H, NMe2), 4.03 (s, 
3JPtH = 46.4 Hz, 4 H, CH2N), 4.03 (s, 5 H, C5H5), 4.25 (pt, JHH = 1.7 Hz, 2 H, C5H4), 4.52 (pt, 
JHH = 1.7 Hz, 2 H, C5H4), 6.93 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 56.3 (NCH3), 66.0 
(CH/C5H4), 68.4 (CH/C5H4), 69.4 (CH/C5H5), 76.8 (NCH2), 87.1 (iC/C5H4), 117.3 (CH/C6H2), 
134.4 (iC/C6H2), 143.4 (iC/C6H3), 147.5 (iCPt/C6H2). Anal. calcd. for C22H27FeIN2Pt 
(697.29): C, 37.89; H, 3.90; N, 4.02. Found: C, 36.81; H, 4.58; N, 4.53. 
 
3.9. Synthesis of Fc-C≡C-NCN-I (10) 
Complex 10 was prepared according to the procedure described for 6 by using 62 mg (0.15 
mmol) of 5, 0.15 mL (0.24 mmol, 1.6 M in n-hexane) of n-BuLi and 70 mg (0.28 mmol) of I2. 
Yield: 65 mg (0.12 mmol, 80 % based on 5). 
 
IR (NaCl): [cm-1] 2211 (s) [νC≡C]. 1H NMR (CDCl3): [δ] 2.34 (s, 12 H, NMe2), 3.51 (s, 4 H, 
CH2N), 4.23 (bs, 7 H, C5H4, C5H5), 4.48 (pt, JHH = 1.8 Hz, 2 H, C5H4), 7.40 (s, 2 H, C6H2). 
13C{1H} NMR (CDCl3): [δ] 45.6 (NCH3), 65.1 (iC/C5H4), 68.8 (NCH2), 68.8 (CH/C5H4), 69.9 
(CH/C5H5), 71.3 (CH/C5H4), 85.1 (FcC≡C), 89.4 (FcC≡C), 106.3 (iCI/C6H2), 123.5 (iC/C6H2), 
131.3 (CH/C6H2), 141.9 (iC/C6H2). Anal. calcd. for C24H27FeIN2 (526.23): C, 54.78; H, 5.17; 
N, 5.32. Found: C, 57.30; H, 6.57; N, 3.34. 
 
3.10. Synthesis of Fc-C≡C-NCN-PdCl (11) 
Heterobimetallic 11 was prepared according to the procedure described for 7. In this respect, 
100 mg (0.25 mmol) of 5, 0.15 mL (0.38 mmol, 2.5 M in n-hexane) of n-BuLi and 90 mg 
(0.25 mmol) of [(Et2S)2PdCl2] were reacted. Yield: 40 mg (0.07 mmol, 29 % based on 5). 
 
M.p.: [°C] 102 (dec). (KBr): [cm-1] 2211 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 2.92 (s, 12 H, 
NMe2), 3.96 (s, 4 H, CH2N), 4.20 (s, 5 H, C5H5), 4.22 (pt, JHH = 1.8 Hz, 2 H, C5H4), 4.44 (pt, 
JHH = 1.8 Hz, 2 H, C5H4), 6.90 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 53.0 (NCH3), 66.2 
(CH/C5H4), 68.7 (CH/C5H4), 69.8 (CH/C5H5), 74.7 (NCH2), 86.4 (iC/C5H4), 122.6 (CH/C6H2), 
135.7 (iC/C6H2), 144.9 (iC/C6H2), 154.2 (iC/C6H2). Anal. calcd. for C24H27ClFeN2Pd (541.20): 






3.11. Synthesis of Fc-C≡C-NCN-PdI (12) 
Complex 10 (50 mg, 0.095 mmol) and 45 mg (0.043 mmol) of [Pd2(dba)3·CHCl3] were 
dissolved in 15 mL of benzene. This reaction mixture was stirred for 18 h at 25 °C. 
Afterwards, 20 mL of tetrahydrofuran were added and stirring was continued for 2 h. All 
volatiles were evaporated in oil-pump vacuum and the residual greenish-black solid was 
dissolved in 20 mL of chloroform. The solution was filtered through a pad of Celite and 
concentrated in oil-pump vacuum to 2 mL. n-Hexane (50 mL) was added, whereby an orange 
solid precipitated. This precipitate was collected and washed several times with 10 mL of n-
hexane and 10 mL of diethyl ether to gave 12 as an orange solid. Yield: 40 mg (0.063 mmol, 
73 % based on [Pd2(dba)3·CHCl3]). 
 
M.p.: [°C] 106 (dec). IR (KBr): [cm-1] 2210 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 3.02 (s, 12 H, 
NMe2), 3.96 (s, 4 H, CH2N), 4.22 (bs, 2 H, C5H4), 4.22 (bs, 5 H, C5H5), 4.46 (pt, JHH = 1.8 Hz, 
2 H, C5H4), 6.92 (s, 2 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 54.9 (NCH3), 65.4 (iC/C5H4), 
68.8 (CH/C5H4), 69.9 (CH/C5H5), 71.3 (CH/C5H4), 77.3 (NCH2), 73.8 (FcC≡C), 86.0 
(FcC≡C), 120.0 (iC/C6H2), 122.7 (CH/C6H2), 128.3 (iC/C6H2), 145.2 (iC/C6H2). Anal. calcd. 
for C24H27IFeN2Pd (632.65): C, 45.56; H, 4.30; N, 4.43. found: C, 45.71; H, 4.38; N, 4.41. 
 
3.12. Synthesis of Fc-C≡C-NCN-PtCl (13) 
Compound 13 was prepared according to the procedure described for 8 by using 100 mg 
(0.25 mmol) of 5, 0.16 mL (0.26 mmol, 1.6 M in n-hexane) of n-BuLi and 100 mg (0.22 
mmol) of [(Et2S)2PtCl2]. Yield: 75 mg (0.12 mmol, 53 % based on 5). 
 
M.p.: [°C] 105 (dec). IR (KBr): [cm-1] 2206 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 3.08 (s, 3JPtH 
= 36.9 Hz, 12 H, NMe2), 4.00 (s, 3JPtH = 46.5 Hz, 4 H, CH2N), 4.21 (pt, JHH = 1.8 Hz, 2 H, 
C5H4), 4.22 (s, 5 H, C5H5), 4.46 (pt, JHH = 1.8 Hz, 2 H, C5H4), 6.96 (s, 2 H, C6H2). 13C{1H} 
NMR (CDCl3): [δ] 45.3 (NCH3), 63.9 (NCH2), 65.3 (iC/C5H4), 68.7 (CH/C5H4), 69.9 
(CH/C5H5), 71.3 (CH/C5H4), 85.7 (FcC≡C), 88.1 (FcC≡C), 123.8 (iC/C6H3), 129.1 
(CH/C6H3), 130.7 (CH/C6H3), 138.9 (iC/C6H3). Anal. calcd. for C24H27ClFeN2Pt (629.86): C, 






3.13. X-ray crystal structure determinations 
X-ray intensities up to a resolution of (sin Θ/λ)max = 0.65 Å-1 were measured on a Nonius 
Kappa CCD diffractometer with rotating anode and graphite monochromator (λ = 0.71073 Å) 
at a temperature of 150(2) K. The structures were solved with automated Patterson methods 
F25
 and refined with SHELXL-97 F26 on F2 of all reflections. Non-hydrogen atoms were 
refined freely with anisotropic displacement parameters. Hydrogen atoms were introduced in 
geometrically idealised positions and refined with a riding model. Geometry calculations, 
drawings and checking for higher symmetry were performed with the PLATON package. F27 
 
3.14. X-ray structure determination of compound 8 
C22H27ClFeN2Pt, Fw = 605.85, yellow needle, 0.42 x 0.15 x 0.06 mm3, monoclinic, P21/c 
(no. 14), a = 14.9051(1), b = 16.9068(2), c = 21.5612(2) Å, β = 129.6807(4) °, V = 4181.60(9) 
Å3, Z = 8, Dx = 1.925 gcm-3. 65541 Reflections were measured. An analytical absorption 
correction was applied (PLATON, F28 routine ABST, µ = 7.51 mm-1, 0.14 - 0.78 correction 
range). 9533 Reflections were unique (Rint = 0.059). One cyclopentadienyl ring was 
refinedwith a disorder model using split positions. 540 Parameters were refined with 154 
restraints. R1/wR2 [I ≥ 2σ(I)]: 0.0260/0.0583. R1/wR2 [all. refl.]: 0.0398/0.0631. S = 1.062. 
Residual electron density between -1.38 and 1.40 e/ Å3.  
 
3.15. X-ray structure determination of compound 13 
C24H27ClFeN2Pt, Fw = 629.87, red needle, 0.42 x 0.18 x 0.04 mm3, monoclinic, P21/c (no. 
14), a = 12.223(3), b = 15.568(2), c = 11.9352(12) Å, β = 107.610(11) °, V = 2164.7(7) Å3, Z 
= 4, Dx = 1.933 gcm-3. 22713 Reflections were measured. An analytical absorption correction 
was applied (PLATON, F28 routine ABST, µ = 7.26 mm-1, 0.34 - 0.85 correction range). 4943 
Reflections were unique (Rint = 0.06). The crystal appeared to be non-merohedrally twinned 
with a two-fold rotation about the a-axis as twin operation. This twin relationship was taken 
into account during intensity evaluation, F28 data reduction and refinement as HKLF5 twin. F29 
267 Parameters were refined with no restraints. R1/wR2 [I ≥ 2σ(I)]: 0.0362/0.0904. R1/wR2 







4. Supplementary material 
 CCDC 284746 (complex 8) and 284747 (13) contain the supplementary crystallographic 
data for this paper. These data can be obtained free of charge from The Cambridge 
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In addition to monoanionic diphosphino- and disulfido-aryl anions the organometallic 
chemistry of the related diaminoaryl ligand NCN (NCN = [C6H3(CH2NMe2)2-2,6]–) has been 
intensively investigated. G1, G2 In pincer halide transition metal complexes (structural type A 
molecule), for example, stable palladium-carbon bonds are present, due to the chelating effect 
of the monoanionic NCN ligand. G3 This opens the possibility to synthesize para-
functionalised Y-NCN-MX complexes, which can be used as building blocks to prepare larger 





Y = H, OH, CO2H, C≡CH, ...
M = Ni, Pd, Pt




Such complexes can be used, for example, for creating materials with electronic conduction 
along pi-conjugated organometallic chains G5 or for the synthesis of liquid crystalline 
materials. G6 The functionalities X or Y in molecules of structural type A allow the 
introduction of a second transition metal containing fragment (homo- or heterobimetallic) in 
which the respective transition metals are connected via conjugated organic units. The 
synthesis of multimetallic assemblies is given by suitable modification of both X and Y. 





organic groups, to the best of our knowledge, nothing is known about such systems in which 
X or Y are redox-active organometallic bridging units.  
We here report on the synthesis and subsequent palladation of the 1,1'-bis-NCNH-pincer-
functionalised ferrocene, Fe[η5-C5H4(NCNH)]2 [NCNH = 1-C6H3(CH2NMe2)2-3,5], to give 
novel trimetallic Fe[η5-C5H4(NCN-4-PdCl)]2. 
 
 
2. Results and Discussion 
The synthesis of Fe[η5-C5H4(NCNH)]2 (3) was attempted using different methods. Aryl-aryl 
coupling reactions can successfully be achieved by the Suzuki reaction. G7 However, it 
appeared that the application of this type of reaction, using either Fe(η5-C5H4I)2 and 
(HO)2B[C6H3(CH2NMe2)2-3,5] or Fe{η5-C5H4[B(OH)2]}2 and IC6H3(CH2NMe2)2-3,5 (2) as 
reactants, produced complex 3 in very low yield (5 – 9 %). A more suitable route for the 
synthesis of 3 involved the reaction of Fe[η5-C5H4(ZnCl)]2 (1) G8 with two equivalents of 
IC6H3(CH2NMe2)2-3,5 (2) in the presence of catalytic amounts of [Pd(PPh3)2] in 



















As complex 3 contains two NCNH pincer units, it should be possible to prepare heterobi- 
(FeM) or trimetallic (FeM2) species (M = group-10 transition metal atom). This could be 
achieved in a two-step synthesis. Firstly, 3 was reacted with two equivalents of t-BuLi at low 
temperature to the corresponding ferrocenyl bis(aryllithium) compound Fe[η5-C5H4(NCN-
Li)]2 (Equation 2). Transmetallation of the latter dilithium derivative with [(Me2S)2PdCl2] 
gave the corresponding trimetallic compound Fe[η5-C5H4(NCN-PdCl)]2 (6) along with 
dimetallic Fe[η5-C5H4(NCNH)][η5-C5H4(NCN-PdCl)] (5) (Equation 2). The crude reaction 
product also contained traces of 3 and other yet unidentified products. Nevertheless, 





simplicity because 3 could be removed by extraction of the reaction product with n-hexane. 
Subsequently, 5 could be isolated by extraction with diethyl ether and 6 with 
dichloromethane. After appropriate work-up, pure 3 was isolated as a brown oil, while 5 and 6 
























The solubilities of 3, 5 and 6 increase with increasing number of Pd centres. A similar 
behaviour is found in other multimetallic transition metal NCN-pincer complexes. G2, G3, G9 
Whereas 3, 5 and 6 are stable in an inert gas atmosphere over a long period of time it 
appeared that on exposure to air they slowly start to decompose. Notably, the compounds with 
free NCN-pincer units, i. e. non-coordinating CH2NMe2 substituents, are less stable than 6 in 
which both pincer units are cyclopalladated. 
Complexes 3, 5 and 6 were fully characterized by 1H and 13C spectroscopy. ESI-TOF 
(electrospray ionisation time-of-flight) studies and elemental analysis confirmed the proposed 
compositions.  
As expected, the 1H NMR spectrum of 3, 5 and 6 in CDCl3 showed AA’BB’ patterns for the 
cyclopentadienyl ring protons with coupling constants of 1.8 Hz. Moreover, in 3 and 6 two 
pseudo-triplets between 4.1 and 4.5 ppm are observed, while in 5 four cyclopentadienyl 
proton resonance signals appeared, due to lower symmetry, when compared with 3 and 6. The 
CH2 and NMe2 protons of the NCN ligands appear as singlets. Upon coordination of the 





field occurs (3, 5 and 6; NMe2: 2.25, 2.28/2.95, and 2.98; CH2: 3.40, 3.40/3.96, and 4.01 
ppm). The presence of the 4-PdCl units in 5 and 6 are obvious from the absence of the 4-CH 
proton in the 1-C6H2(CH2NMe2)2-3,5 fragments of 3 and 5. Accordingly, C(4) in the 13C{1H}-
NMR spectra has shifted to lower field (3, 5, and 6; ArC(4) 127.7, 152.4, and 154.4 ppm). 
Similar downfield shifts are also typical for the CH2 and NMe2 carbon atoms going from 3 to 
5 to 6 (Experimental Section). All other resonance signals appear as well-resolved signals in 
the expected region.  
 
Cyclic voltammetric studies were carried out for complexes 3 and 6 in acetonitrile solutions 




Figure 1. Cyclic voltammograms of 3 (dotted line) and 6 (solid line) in acetonitrile solutions 
at 25 °C. 
 
It was found that the Fe(II)/Fe(III) oxidation (E = +0.03 V, ∆E = 80 mV) in 3 is reversible 





















This displacement can be interpreted by means of a stronger electron withdrawing group 
present in 3 than in FcH, taken as standard. G10  
The cyclic voltammogram of 6 also exhibits a reversible Fe(II)/Fe(III) redox couple at E = 
-0.03 V (∆E = 100 mV). This potential is shifted by approximately 0.06 V to a more negative 
value, when compared with 3. This shifting confirms that the iron center in 6 is more easy to 
oxidize which is attributed to the electron donating properties of the PdCl units. G11 
 
ESI-TOF MS studies on 3, 5 and 6 show in all cases the molecular ion M+ [3, 567.2 m/z 
(M++H); 5, 707.0 m/z (M++H); 6, 848.9 m/z]. Further typical fragments for 5 and 6 are M+-Cl 
and M+-Cl+MeCN. For 6 also M+-PdCl+H and M+-PdCl2+H are observed, while for 3 
(NCNH)2H+ and (NCNH)C6H3CH2NMe2+ are characteristic. 
 
3. Experimental 
3.1. General Methods 
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether and n-hexane were purified by distillation 
from sodium-benzophenone ketyl. ZnCl2 was dried with SOCl2. 1H NMR spectra were 
recorded on a Varian Inova 300 spectrometer operating at 300.10 MHz in the Fourier 
transform mode; 13C{1H} NMR spectra were recorded at 75.47 MHz. Chemical shifts are 
reported in δ units (parts per million) downfield from tetramethylsilane with the solvent as the 
reference signal (CDCl3: 1H NMR, δ = 7.26; 13C{1H} NMR, δ = 77.0). Cyclic 
voltammograms were recorded in a dried cell purged with purified nitrogen at 25 °C. 
Platinum wires served as working electrode and as counter electrode. A Ag/AgCl electrode 
served as reference electrode. For ease of comparison, all electrode potentials are converted 
using the redox potential of the ferrocene-ferrocenium couple Fc/Fc+ [Fc = (η5-C5H5)2Fe] as 
the reference (E = 0.00 V). Electrolyte solutions were prepared from fresh distilled 
acetonitrile and [NBu4]PF6 (dried in oil-pump vacuum at 120 °C, c = 0.1 M). The respective 
organometallic complexes were added at c = 1 mM. CVs were recorded at a scan rate at 0.05 
V s-1 using a Princeton Applied Research EG&G 263A analyser. 
Melting points were determined using sealed nitrogen purged capillaries on a Gallenkamp 
melting point apparatus. Microanalyses were performed by the Dornis und Kolbe, 
Mikroanalytisches Laboratorium, Mülheim a.d. Ruhr and by the Department of Organic 





Mariner ESI-TOF mass spectrometer (Applied Biosystems) operating in the positive-ion 
mode in a acetonitrile solution. 
 
3.2. General Remarks  
[Fe(η5-C5H4Li)2·2/3TMEDA], G12 IC6H3(CH2NMe2)2-3,5 (2), G9 and [(Me2S)2PdCl2] G13 
were prepared following published procedures. All other chemicals were purchased from 
commercial sources and were used without any further purification. 
 
 
3.3. Synthesis of Fe[η5-C5H4(NCNH)]2 (3) 
At 0 °C, 1.60 g (5.81 mmol) of [Fe(η5-C5H4Li)2·2/3TMEDA] was dissolved in 100 mL of 
tetrahydrofuran and 1.59 g (11.63 mmol) of ZnCl2 was added in one portion. After 1 h of 
stirring at this temperature a separately prepared solution of [Pd(PPh3)2] [prepared by 
treatment of 204 mg (0.29 mmol) of [(Ph3P)2PdCl2] with 0.58 mL (0.58 mmol) of 
diisobutylaluminiumhydride in 30 mL of tetrahydrofuran] in 30 mL of tetrahydrofuran was 
added. After additional 5 min of stirring, 1.85 g (5.81 mmol) of IC6H3(CH2NMe2)2-3,5 (2), 
dissolved in 20 mL of tetrahydrofuran, was added. The dark brown solution was allowed to 
warm to 25 °C. After stirring for 2 days the reaction mixture was quenched with 50 mL of 4M 
NaOH. The aqueous phase was separated and extracted with 50 mL of chloroform. The 
combined organic phases were dried over MgSO4, filtered and evaporated in oil-pump vacuo. 
Chromatography over neutral alumina with diethyl ether gave 175 mg (0.94 mmol, 16% based 
on 2) of Fe(η5-C5H5)2. By changing the solvent to diethyl ether-tetrahydrofuran (4:1 mixture) 
(η5-C5H5)Fe[η5-C5H4(NCNH)] (778 mg, 36% based on 2) G14 could be obtained as a red oil. 
With methanol as eluent the title complex 3 (643 mg, 39% based on 2) could be isolated as a 
brown oil. 
 
1H NMR (CDCl3): [δ] 2.25 (s, 24 H, NMe2), 3.40 (s, 8 H, CH2N), 4.14 (pt, JHH = 1.8 Hz, 4 
H, C5H4), 4.50 (pt, JHH = 1.8 Hz, 4 H, C5H4), 7.06 (s, 2 H, C6H3), 7.21 (s, 4 H, C6H3). 13C{1H} 
NMR (CDCl3): [δ] 45.4 (NCH3), 64.4 (NCH2), 68.0 (CH/C5H4), 70.8 (CH/C5H4), 85.9 
(iC/C5H4), 125.7 (CH/C6H3), 127.7 (CH/C6H3), 138.4 (iC/C6H3), 138.6 (iC/C6H3). ESI-TOF 
MS [m/z (rel. int.)] 567.2 (100) [M+ +H], 383.2 (20) [(NCNH)2H+], 249.2 (10) 
[(NCNH)C6H3CH2NMe2+]. Anal. Calc. for C34H46FeN4 (566.59): C, 72.07; H, 8.18; N, 9.89. 







3.4. Synthesis of Fe[η5-C5H4(NCNH)][η5-C5H4(NCN-PdCl)] (5) and Fe[η5-C5H4(NCN-
PdCl)]2 (6) 
t-BuLi (0.27 mL, 0.41 mmol) (1.5 M in n-hexane) was added to 103 mg (0.18 mmol) of 
Fe[η5-C5H4(NCNH)]2 (3), dissolved in 30 mL of n-hexane, of at -80 °C. After stirring for 2 
hours and warming to 25 °C all volatiles were removed in oil-pump vacuo. The light-brown 
residue was dissolved in 30 mL of diethyl ether at -20 °C and 109 mg (0.36 mmol) of 
[(Me2S)2PdCl2] were added in one portion. The reaction mixture was stirred at 25 °C over 
night and was evaporated. The dark brown residue was washed with n-hexane (2 × 5 mL), 
extracted with diethyl ether (2 × 30 mL) and then with dichloromethane (2 × 30 mL).  
The combined diethyl ether extracts were evaporated in vacuo to afford 20 mg (0.028 
mmol, 16% based on 3) of Fe[η5-C5H4(NCNH)][η5-C5H4(NCN-PdCl)] (5) as orange solid.  
 
Compound 5: M.p.: [°C] 84. 1H NMR (CDCl3): [δ] 2.28 (s, 12 H, NMe2), 2.95 (s, 12 H, 
NMe2), 3.45 (s, 4 H, CH2N), 3.96 (s, 4 H, CH2N), 4.11 (pt, JHH = 1.8 Hz, 2 H, C5H4), 4.16 (pt, 
JHH = 1.8 Hz, 2 H, C5H4), 4.33 (pt, JHH = 1.8 Hz, 2 H, C5H4), 4.52 (pt, JHH = 1.8 Hz, 2 H, 
C5H4), 6.76 (s, 2 H, C6H2), 7.08 (s, 1 H, C6H3), 7.26 (s, 2 H, C6H3). 13C{1H} NMR (CDCl3): 
[δ] 45.0 (NCH3), 53.1 (NCH3), 64.0 (NCH2), 67.6 (CH/C5H4), 68.0 (CH/C5H4), 70.6 
(CH/C5H4), 70.9 (CH/C5H4), 74.7 (NCH2), 83.4 (iC/C5H4), 85.1 (iC/C5H4), 117.7 (CH/C6H2), 
124.1 (CH/C6H3), 125.8 (CH/C6H3), 133.0 (iC/C6H2), 135.6 (iC/C6H3), 137.1 (iC/C6H3), 142.8 
(iC/C6H2), 152.4 (iC/C6H2). ESI-TOF MS [m/z (rel. int.)] 711.0 (45) [M+ -Cl +MeCN], 707.0 
(30) [M+ +H], 671.0 (100) [M+ -Cl]. Anal. Calc. for C34H45ClFeN4Pd (707.47): C, 57.72; H, 
6.41; N, 7.92. Found: C, 56.84; H, 6.02; N, 7.36. 
 
The combined dichloromethane extracts were evaporated in oil-pump vacuo to give 85 mg 
(0.096 mmol, 53 % based on 2) of Fe[η5-C5H4(NCN-PdCl)]2 (6) as an orange powder. 
 
Compound 6: M.p.: [°C] 172 (dec). 1H NMR (CDCl3): [δ] 2.98 (s, 24 H, NMe2), 4.01 (s, 8 
H, CH2N), 4.10 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.39 (pt, JHH = 1.8 Hz, 4 H, C5H4), 6.80 (s, 4 H, 
C6H2). 13C{1H} NMR (CDCl3): [δ] 53.1 (NCH3), 67.2 (CH/C5H4), 70.7 (CH/C5H4), 74.6 
(NCH2), 86.8 (iC/C5H4), 117.6 (CH/C6H2), 134.9 (iC/C6H2), 144.7 (iC/C6H2), 154.4 (iC/C6H2). 





[M+ -Cl], 707.0 (25) [M+ -PdCl +H], 671.0 (100) [M+ -PdCl2 +H]. Anal. Calc. for 
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H Trimetallic FePd2 and FePt2 4-ferrocenyl-NCN-pincer complexes 
 








Recently, the synthesis and reaction chemistry of multimetallic transition metal complexes 
in which different metals are connected by inorganic and/or organic pi-conjugated bridging 
units have been reported. H1 – 6 Such species are of special interest, due to their potential use 
as, for example, one-dimensional molecular wires. H6 Moreover, they are promising 
candidates to be used as catalysts or as optical and physical sensors. Among them, transition 
metal complexes featuring redox-active metals are most attractive because both the electron 
density and electronic properties are easily switchable. Ferrocene is a most promising 
candidate to be incorporated in such multimetallic assemblies, since it can act as a one-
electron reservoir and at the same time is a very robust compound. H4, H5 
Recently, the synthesis and reaction chemistry of 1,1'-bis-NCN-pincer-functionalized 
ferrocenes of general type Fe(η5-C5H4-4-NCN-1-X)2 (NCN = [C6H2(CH2NMe2)2-2,6]–; X = 
H, PdCl) were preliminary reported. H4, H5 We here report on the preparation, structural 
features and electrochemical behavior of trimetallic FePd2 and FePt2 complexes of type 
Fe(η5-C5H4-4-NCN-1-MX)2 (MX = PdI, PtCl, PtI). 
 
2. Results and discussion 
2.1. Synthesis and spectroscopy 
Palladium-catalyzed cross-coupling is an efficient synthetic method to prepare organic and 
organometallic compounds with pi-conjugated bridging units. H7 In this respect, the synthesis 
of the 1,1'-bis-NCNH-pincer-functionalized ferrocenes Fe(η5-C5H4C≡C-NCNH)2 (3) and 
Fe(η5-C5H4-NCNH)2 (4) (NCNH = 1-C6H3(CH2NMe2)2-3,5), respectively, is discussed (for 





protocol, H7d 3 is accessible by heating Fe(η5-C5H4I)2 (1) with two equivalents of HC≡C-1-
C6H3(CH2NMe2)2-3,5 (2) in presence of catalytic amounts of [(Ph3P)2PdCl2/CuI] and 
diisopropylamine as solvent (Equation 1). After appropriate work-up, complex 3 could be 



















The standard procedure involving lithiation–transmetallation for the synthesis of palladium- 
and platinum-NCN pincers, H8 however, could not be applied for the preparation of Fe(η5-
C5H4-C≡C-4-NCN-1-MX)2 complexes (M = Pd, Pt; X = Cl, Br), since lithiation of 3 by either 
n-BuLi or t-BuLi appears not possible. A similar behavior has been observed for the 
metallation of the biferrocene [(η5-C5H4)Fe(η5-C5H4-C≡C-NCNH)]2 H9 This shows that other, 
competitive reactions occur. 
In contrast, lithiation of Fe(η5-C5H4-NCNH)2 (4) is possible by addition of two equivalents 
of n-BuLi to this compound. Dilithiated [Fe(η5-C5H4-4-NCN-1-Li)2] (4.Li) reacts with 
diiodine to form the orange colored sandwich complex Fe(η5-C5H4-4-NCN-1-I)2 (5) which 

















Oxidative addition of the C-I bond in 5 to palladium(0) is possible by reacting 5 with [Pd2-
(dba)3·CHCl3] (dba = dibenzylidene acetone) in a 1:1 molar ratio in benzene for 18 h at 25 °C. 
After appropriate work-up, orange colored [Fe(η5-C5H4-4-NCN-1-PdI)2] (6) was isolated in 
68 % yield (Equation 3). Isostructural [Fe(η5-C5H4-4-NCN-1-PtI)2] (7) is accessible by 
























6:   M = Pd
(3)
 
Trimetallic 6 and 7 can also be obtained, when 4 is subsequently reacted with n-BuLi, I2 and 
either [Pd2(dba)3] or [Pt(tol)2(SEt2)2] (6: 58 %, 7: 48 %). 
 
Attempts to prepare heterobimetallic FePd and FePt or even heterotrimetallic FePdPt 
species by the stepwise insertion of the appropriate transition metal into the Caryl-I bond(s) in 
5, however, did always result in the formation of 1:1 mixtures of 5 and 6, and 5 and 7, 
respectively. This clearly shows that the presence of a palladium or platinum atom in (η5-
C5H4-NCN-I)(η5-C5H4-NCN-MI)Fe (M = Pd, Pt) significantly activates the C-I bond toward 
the second oxidative addition. 
As reported previously, trimetallic Fe(η5-C5H4-4-NCN-1-PdCl)2 can be prepared from 
compound 4 by a lithiation–transmetallation sequence. H5 In a similar manner, orange-brown 
colored Fe(η5-C5H4-4-NCN-1-PtCl)2 (8) appeared accessible by the subsequent reaction of 4 

















Complexes 3 and 5 - 8 were characterized by elemental analysis, 1H and 13C{1H} NMR 
spectroscopy. 
 
The 1H NMR spectra of 3 and 5 reveal the resonance pattern typical for non-metallated 





ppm for 3 and at 3.26 and 2.12 ppm for 5. The coordination of the Me2NCH2 nitrogen atoms 
to either a Pd(II) (6) or Pt(II) ion (7, 8) results in a significant low-field shift of the CH2 (6: 
4.03; 7: 4.08; 8: 4.05) and NMe2 signals (6: 3.08; 7: 3.25; 8: 3.13). Due to the increased 
electron density at the benzene ring a high-field shift of the aromatic protons from 7.01 (5) to 
ca. 6.8 ppm (6 - 8) is observed. For 7 and 8 typical 195Pt satellites were found with coupling 
constants of ca. 36 Hz (3JPtH(Me)) and 42 Hz (3JPtH(CH2)), respectively. 
Upon complexation of the Me2NCH2 units to M a characteristic downfield shift is observed 
in the 13C{1H} NMR spectra (i.e. 5: 68.9 (CH2N), 45.4 ppm (CH3N) vs. 6: 74.1 and 55.0 ppm, 
respectively) (Experimental Part). 
 
 
2.2 Electrochemical studies 
Cyclovoltammetric studies were carried out for 8 in acetonitrile and for 6 and 7 in 
tetrahydrofuran solutions at 25 °C. For comparison, also 4 and 5 were subjected to cyclic 






















Figure 1. Cyclic voltammogramms of 5 (top) and 6 (bottom) in tetrahydrofuran in the 
presence of [n-Bu4][PF6] (c = 0.10 M), 25 °C, argon, scan rate = 200 mV s-1. All 
potentials are referenced to the Cp2Fe/Cp2Fe+ redox couple as internal standard 
(Cp2Fe = (η5-C5H5)2Fe, E1/2 = 0.00 V). 
 
Complexes 4 - 8 show reversible waves for the Fe(II)/Fe(III) redox couples (Figure 1, Table 
1). 
 
Table 1. Electrochemical Data of 4 - 8. 
Compound 
   E1/2 [V]         ∆E [mV] Eox [V] 
Fe(C5H4-NCNH)2 (4) a) +0.03 80 +0.76 
Fe(C5H4-NCNH)2 (4) b) +0.01 80 +0.73 
Fe(C5H4-NCN-I)2 (5) b) +0.04 131 +0.75 
Fe(C5H4-NCN-PdI)2 (6) b) -0.09 96 +0.30 
Fe(C5H4-NCN-PtI)2 (7) b) -0.16 106 n. obs. c) 
Fe(C5H4-NCN-PtCl)2 (8) a) -0.06 180 +0.70 
a) In acetonitrile. b) In tetrahydrofuran. c) n. obs. = not observed. 
 
The Fe(II)/Fe(III) potentials in monometallic 4 and 5 are as compared to the Cp2Fe/Cp2Fe+ 
redox couple (FeCp2 = Fe(η5-C5H5)2), shifted to a more positive value, which can be 
explained by the presence of the somewhat stronger electron withdrawing NCN groups in 4 




















Upon complexation of the NCN-pincer unit to either palladium or platinum (6 - 8) the 
energy of the [Fe(II)/Fe(III)] couple is shifted to a more negative value (Table 1). In this 
respect, complex 6 shows a reversible wave at -0.09 V (∆E = 96 mV) which is shifted by -130 
mV as compared to 5 (Table 1). This confirms that the Fe(II) ion in 6 is easier to oxidize 
which is most likely caused by the ortho-metallation of the NCN-pincer moiety (neutral vs. 
anionic NCN). An even more negative potential is found for 7 (E1/2 = -0.16 V, ∆E = 106 mV) 
(Table 1). Although, these studies were performed in tetrahydrofuran solutions, a similar 
behavior is found, when the measurements were carried out in acetonitrile (Table 1). The 
difference in the redox potentials for 4 and 8 is with -90 mV somewhat smaller as compared 
to measurements done in tetrahydrofuran (vide supra). The irreversible anodic wave results 
from the oxidation of the NCN-pincer units. H5 An analogues behavior has been reported for 
benzyl amine. H12 
 
 
2.3. Solid state structure of 6 
Single crystals of 6 suitable for X-ray structure analysis could be obtained by slow 
distillation of n-hexane into a dichloromethane-chloroform mixture (ratio 1:1) containing 6 at 
–30 °C. The molecular structure of 6 is shown in Figure 2. Geometric details are listed in 
Table 2 and experimental crystal data in Table 3 (Experimental part). 
 
 
Figure 2. ORTEP plot (50% probability level) of 6 with the molecular geometry and atom 
numbering scheme. The hydrogen atoms, the chloroform and dichloromethane 
molecules have been omitted for clarity. (Symmetry transformations used to 






Table 2. Selected bond distances (Å), angles (°), and torsion angels (°) for 6. a) 
Bond Lengths Bond Angles  Torsion Angles  
Pd1-I1 2.733(1) I1-Pd1-C9 117.0(2) C9-C8-C12-N1 21.1(7) 
Pd1-C9 1.929(6) N1-Pd1-N2 162.5(2) C9-C10-C15-N2 22.8(8) 
Pd1-N1 2.117(5) N1-Pd1-I1  98.2(1) Pd1-N1-C12-C8 -26.3(6) 
Pd1-N2 2.126(5) N2-Pd1-I1  99.3(1) Pd1-N2-C15-C10 -28.1(6) 
Fe1-D1 b) 1.661(1) C1-C13-N3 178.4(6)   
a) Standard deviations are given as the last significant figure(s) in parenthesis. b) 
D1: Centroid of the cyclopentadienyl ligands. 
 
Complex 6 crystallizes in the monoclinic space group P21/c. The asymmetric unit contains 
half of the molecule with the second part generated by -x+1, -y+1, and -z+1. The main 
geometric features of 6 resemble the structural data characteristic for ferrocene and NCN-
pincer complexes. H8, H10 The Fe1 atom is located at an inversion center in crystals of 6 and 
gives rise to a rotation of the two cyclopentadienyl ligands of the ferrocene moiety by 180 ° 
resulting in a staggered conformation. With the two NCN-PdI moieties pointing in opposite 
directions, no (pi-)stacking of the C6H2 rings (C6 - C11) was found either intra- or 
intermolecular as it has been observed for other 1,1’-bis-aryl- or 1,1’-bis-ethynylaryl-
substituted ferrocenes. H12 A possible intermolecular interaction of the pi-systems is further 
restricted because of solvent molecules (dichloromethane and chloroform) incorporated in the 
crystal, separating single molecules of 6. 
The plane spanned by the C6H2 entity is tilted by 23.5(3) ° towards the η5-coordinated C5H4 
group. In the solid state structure this orientation averts an optimal overlap between the pi-
orbitals of the cyclopentadienyl and the NCN-PdI-pincer fragments. H13 However, in solution 
the NCN-pincer and cyclopentadienyl rings are free to rotate (vide supra). 
Furthermore, the d8-configurated Pd(II) ions are, as expected, coordinated in a slightly 
distorted square-planar fashion by the two nitrogen atoms N1 and N2, the NCN Cipso carbon 
atom C9 and the iodine ligand I1. The coordination plane around Pd1 is almost coplanar with 
the plane of the C6H2 ring (10.3(3) °). The C9-Pd1-I1 bond angle is with 177.0(2) ° linear, 








3. Experimental Section 
3.1. General Methods  
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene, toluene and n-hexane were 
purified by distillation from sodium/benzophenone ketyl. Diisopropylamine was dried by 
distillation from KOH. Infrared spectra were recorded with a Perkin Elmer FT-IR 1000 
spectrometer. NMR spectra were recorded with a Bruker Avance 250 spectrometer (1H NMR 
at 250.12 MHz and 13C{1H} NMR at 62.86 MHz) and a Varian Inova 300 spectrometer (1H 
NMR at 300.10 MHz and 13C{1H} NMR at 75.47 MHz) in the Fourier transform mode. 
Chemical shifts are reported in δ units (parts per million) downfield from tetramethylsilane (δ 
= 0.00 ppm) with the solvent as the reference signal (CDCl3: 1H NMR, δ = 7.26; 13C{1H} 
NMR, δ = 77.0). Cyclic voltammograms were recorded in a dried cell purged with purified 
argon at 25 °C. Platinum wires served as working electrode and as counter electrode. A 
Ag/AgCl or saturated calomel electrode served as reference electrode. For ease of 
comparison, all potentials are converted using the redox potential of the ferrocene-
ferrocenium couple Cp2Fe/Cp2Fe+ (Cp2Fe = (η5-C5H5)2Fe) as the reference (E1/2 = 0.00 V). 
H15
 A conversion of the given datato the standard normal hydrogen electrode is possible 
following the suggestion made by Strehlow et al. H16. Electrolyte solutions were prepared 
from freshly distilled acetonitrile or tetrahydrofuran solutions and [NBu4]PF6 (dried in oil-
pump vacuum at 120 °C, c = 0.1 M). The appropriate organometallic complexes were added at 
c = 1 mM. Cyclic voltammograms were recorded at a scan rate of 200 mV s-1 using a 
Princeton Applied Research EG&G 263A analyzer or a Radiometer Copenhagen DEA 101 
Digital Electrochemical analyzer with an IMT 102 Electrochemical Interface. Melting points 
were determined using sealed nitrogen purged capillaries on a Gallenkamp MFB 595 010 M 
melting point apparatus. Microanalyses were performed by the Dornis und Kolbe, 
Mikroanalytisches Laboratorium, Mülheim a. d. Ruhr and by the Department of Organic 
Chemistry at Chemnitz, University of Technology.  
 
3.2. General Remarks 
Fe(η5-C5H4I)2 (1), H17 HC≡C-1-C6H3(CH2NMe2)2-3,5 (2), H18 Fe(η5-C5H4-NCN-H)2 (4), H5 
[PtCl2(SEt2)2], H19 [Pd2(dba)3·CHCl3], H20 and [Pt(tol)2(SEt2)]2 H21 were prepared following 







3.3. Synthesis of Fe(η5-C5H4-C≡C-NCNH)2 (3) 
Compound 1 (920 mg, 2.10 mmol) and 960 mg (4.44 mmol) of 2 dissolved in 30 mL of 
diisopropylamine are 124 mg (0.18 mmol, 4.0 mol%) of [PdCl2(Ph3P)2] and 33 mg (0.18 
mmol, 4 mol%) of [Cu(OAc)2·H2O] were added. After heating the reaction mixture for 6 h to 
reflux, all volatiles are removed (oil-pump vacuum). The reddish-brown solid was dissolved 
in 100 mL of diethyl ether and filtered through a pad of Silica gel (7 x 5 cm). With diethyl 
ether as eluent, 320 mg (0.73 mmol, 35 % based on 1) of 1 can be recovered. With 
tetrahydrofuran complex 3 was obtained as a red-brown oil. For further purification, 3 is 
dissolved in 100 mL of diethyl ether and this solution is extracted with 100 mL of water 
containing 5 mL of 4 M HCl. The aqueous phase is then separated, treated with 30 mL of 1 M 
NaOH and extracted twice with 100 mL of diethyl ether. The combined organic phases are 
dried over MgSO4, filtered and all volatiles are evaporated in oil-pump vacuum. Yield: 120 
mg (0.20 mmol, 9% based on 1). 
 
IR (NaCl): (cm-1) 2212 (s) (νC≡C). 1H NMR (CDCl3): [δ] 2.28 (s, 24 H, NMe2), 3.45 (s, 8 H, 
CH2N), 4.24 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.45 (pt, JHH = 1.8 Hz, 4 H, C5H4), 7.25 (s, 2 H, 
C6H3), 7.39 (s, 4 H, C6H3). 13C{1H} NMR (CDCl3): [δ] 45.3 (NCH3), 63.9 (NCH2), 67.5 
(iC/C5H4), 70.9 (CH/C5H4), 72.1 (CH/C5H4), 86.7 (FcC≡C), 86.9 (FcC≡C), 123.3 (iC/C6H3), 
129.1 (CH/C6H3), 130.5 (CH/C6H3), 138.9 (iC/C6H3). Anal. calcd. for C38H46FeN4 (614.63): 
C, 74.23; H, 7.55; N, 9.12. found: C, 73.95; H, 7.65; N, 8.98. 
 
3.4. Synthesis of Fe(η5-C5H4-NCN-I)2 (5) 
Complex 4 (170 mg, 0.21 mmol) was dissolved in 50 mL of n-hexane and 0.5 mL (0.8 
mmol) of n-BuLi (1.6 M in n-hexane) were added at 25 °C. After stirring for 16 h at this 
temperature all volatiles are removed in oil-pump vacuum. The orange residue is dissolved in 
50 mL of diethyl ether and 300 mg (1.18 mmol) of I2 were added in one portion at 0 °C. The 
reaction mixture was stirred upon warming to 25 °C for 8 hours and quenched with 1.0 g of 
Na2S2O3 dissolved in 50 mL of water. The organic phase is separated, extracted with 50 mL 
of water, dried over MgSO4, filtered and evaporated in oil-pump vacuum to give 5 as an 
orange solid. Yield: 220 mg (0.27 mmol, 86% based on 4). 
 
M.p.: [°C] 139. 1H NMR (CDCl3): [δ] 2.12 (s, 24 H, NMe2), 3.26 (s, 8 H, CH2N), 3.82 (pt, 





NMR (CDCl3): [δ] 45.4 (NCH3), 67.8 (CH/C5H4), 63.9 (NCH2), 70.7 (CH/C5H4), 84.8 
(iC/C5H4), 104.0 (iC-I/C6H2), 126.3 (CH/C6H2), 137.4 (iC/C6H2), 141.3 (iC/C6H2). Anal. calcd. 
for C34H44FeI2N4 (818.39): C, 49.90; H, 5.42; N, 6.85. found: C, 50.26; H, 5.71; N, 6.36. 
 
3.5. Synthesis of [Fe(η5-C5H4-NCN-PdI)2] (6) 
Compound 5 (100 mg, 0.122 mmol) and 125 mg (0.121 mmol) of [Pd2(dba)3·CHCl3] were 
dissolved in 15 mL of benzene were stirred for 18 h at 25 °C. Afterwards, 20 mL of 
tetrahydrofuran were added and the reaction mixture was stirred for 4 h. All volatiles were 
removed (oil-pump vacuum) and the remaining greenish-black solid was dissolved in 30 mL 
of chloroform. The solution was filtered through a pad of Celite and concentrated to 3 mL 
(oil-pump vacuum). n-Hexane (30 mL) was then added, whereby an orange solid precipitated. 
The precipitate was collected and washed three times with n-hexane (10 mL) and diethyl ether 
(10 mL) to give 6 as an orange solid (85 mg, 0.082 mmol, 68% based on [Pd2dba3·CHCl3]). 
 
M.p.: [°C] 168 (dec). 1H NMR (CDCl3): [δ] 3.08 (s, 24 H, NMe2), 4.03 (s, 8 H, CH2N), 4.12 
(pt, JHH = 1.8 Hz, 4 H, C5H4), 4.41 (pt, JHH = 1.8 Hz, 4 H, C5H4), 6.78 (s, 4 H, C6H2). 13C{1H} 
NMR (CDCl3): [δ] 55.0 (NCH3), 67.3 (CH/C5H4), 70.9 (CH/C5H4), 74.1 (NCH2), 86.7 
(iC/C5H4), 117.7 (CH/C6H2), 135.2 (iC/C6H2), 145.0 (iC/C6H2), 149.5 (iC/C6H2). Anal. Calcd. 
for C34H44FeI2N4Pd2 (1031.23): C, 39.60; H, 4.30; N, 5.43. Found: C, 39.68; H, 4.67; N, 5.50. 
 
3.6. Synthesis of [Fe(η5-C5H4-NCN-PtI)2] (7) 
Compound 5 (50 mg, 0.061 mmol) and 55 mg (0.059 mmol) of [Pt(tol)2(SEt2)]2 were 
refluxed in 15 mL of toluene for 5 min. The orange solution was cooled to 25 °C, filtered 
through a pad of Celite and concentrated in oil-pump vacuum to 5 mL. Upon addition of 20 
mL of n-hexane an orange precipitate formed, which was collected, washed twice with n-
hexane (10 mL) and diethyl ether (10 mL) and dried in oil-pump vacuum to afford 40 mg 
(0.033 mmol, 56 % based on [Pt(tol)2(SEt2)]2) of 7 as an orange solid. 
 
M.p.: [°C] 181. 1H NMR (CDCl3): [δ] 3.25 (s, 3JPtH = 36.4 Hz, 24 H, NMe2), 4.08 (s, 3JPtH = 
41.7 Hz, 8 H, CH2N), 4.14 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.43 (pt, JHH= 1.8 Hz, 4 H, C5H4), 
6.76 (s, 4 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 56.5 (NCH3), 66.9 (CH/C5H4), 70.3 
(CH/C5H4), 76.9 (NCH2), 87.7 (iC/C5H4), 117.3 (CH/C6H2), 133.4 (iC/C6H2), 143.3 (iC/C6H2), 
147.7 (iC/C6H2). Anal. Calcd. for C34H44Fe2I2N4Pt2⋅2tol (1448.67): C, 39.80; H, 4.17; N, 3.87. 






3.7. Synthesis of [Fe(η5-C5H4-NCN-PtCl)2] (8) 
Complex 3 (110 mg, 0.19 mmol) was dissolved in 30 mL of n-hexane and 0.24 mL (0.38 
mmol) of n-BuLi (1.6 M in n-hexane) were added at 25 °C. After this reaction mixture was 
stirred for 18 h at this temperature all volatiles are removed (oil-pump vacuum). The orange 
residue was dissolved in 30 mL of diethyl ether and 170 mg (0.38 mmol) of [PtCl2(Et2S)2] 
were added at 0 °C. The reaction mixture was stirred upon warming to 25 °C over night. All 
volatiles were removed in oil-pump vacuum. The dark brown residue was dissolved in 20 mL 
of dichloromethane and filtered through a pad of Celite. All volatiles were removed in oil-
pump vacuum to give 8 as an orange-brown solid (30 mg, 0.03 mmol, 15% based on 
[PtCl2(Et2S)2]). 
 
M.p.: [°C] 175. 1H NMR (CDCl3): [δ] 3.13 (s, 3JPtH = 34.4 Hz, 24 H, NMe2), 4.05 (s, 3JPtH = 
41.0 Hz, 8 H, CH2N), 4.12 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.41 (pt, JHH = 1.8 Hz, 4 H, C5H4), 
6.80 (s, 4 H, C6H2). 13C{1H} NMR (CDCl3): [δ] 55.0 (NCH3), 67.3 (CH/C5H4), 70.9 
(CH/C5H4), 74.1 (NCH2), 86.7 (iC/C5H4), 117.7 (CH/C6H2), 135.2 (iC/C6H2), 145.0 (iC/C6H2), 
149.5 (iC/C6H2). Anal. calcd. for C34H44Cl2FeN4Pt2 (1025.65): C, 39.81; H, 4.32; N, 5.46. 
Found: C, 40.25; H, 4.51; N, 5.18. 
 
4. X-ray structure determination of 6 
X-ray structure analysis measurements were performed with a BRUKER SMART CCD 1k 
diffractometer at 193 K using oil-coated shock-cooled crystals. H22 Reflections were collected 
in the ω-scan mode in 0.4 ° steps and an exposion time of 40 sec per frame. The structure was 
solved by direct methods using SHELXS-97 H23 and refined by full-matrix least-square 
procedures on F2 using SHELXL-97. H24 All non-hydrogen atoms were refined 
anisotropically. All hydrogen atom positions were refined using a riding model. The 
dichloromethane molecule nearby the inversion centre is not fully present and has been 
refined to an occupancy of 0.77, while fixed to 0.75 at the end of the refinement. The structure 
plots were performed with the PLATON programm. H25 The figures in parenthesis after each 








Table 3. Crystal and Intensity Collection Data for 6. 
Empirical formula 
Chemical formula 








a (Å)  





V (Å3) 2431.9(2) 
β (deg) 101.574(1) 
ρcalc (g cm-3) 1.908 
F(000) 
Z 
Crystal dimensions (mm) 
1358 
2 
0.2 x 0.1 x 0.1 
Radiation (λ, Å) Mo-Kα (0.71073) 
Absorption correction 
Max., min. transmission  
Absorption coefficient (µ, mm-1) 




Scan range (deg) 
193(2) 
1.77 ≤ Θ ≤ 26.43 
Index ranges 
-7 ≤ h ≤ 7, 0 ≤ k ≤ 40, 0 ≤ l ≤ 15 
Total reflections 
Unique reflections  







Completeness to θmax 
R1, wR2 [I ≥ 2σ (I)] 
R1, wR2 (all data) 
Rint, S 







Max., min. peaks in final  
Fourier map (e Å-3) 
1.554, -1.199 
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5. Supplementry material 
The crystallographic data for 6 has been deposited with the Cambridge Crystallographic 
Data Centre as supplementary publication no. CCDC-612578. Copies of this information can 
be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1ET, 
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I Biferrocene NCN-pincer metal-d8 complexes: Synthesis, reaction 
chemistry and cyclovoltammetric studies 
 
Stefan Köcher, Gerard P. M. van Klink, Gerard van Koten, Heinrich Lang 
 
 




Recently, one-dimensional homo- and heterometallic complexes in which the transition 
metal atoms are connected by pi-conjugated organic and/or inorganic units have attracted great 
attention, due to their use as, for example, molecular wires, I1 sensors, I2 or organometallic 
polymers. I3 Complexes with reversibly switchable redox active sites are particularly of 
interest, because they can selectively adjust the electron density and electronic properties by 
oxidation or reduction. In this respect, biferrocene is a most promising candidate to be used as 
a switchable two-electron reservoir. I4 The redox-chemistry of biferrocene is characterized by 
two reversible one-electron couples and electronic communication between the two (η5-
C5H5)(η5-C5H4)Fe moieties was found. I4a Mono-oxidation of the latter species selectively 
leads to a mixed-valence Fe(II)-Fe(III) system with specific physical properties. X-ray crystal 
structure analysis and, for example, 57Fe Mössbauer spectroscopy of a mixed valent salt 
showed non-equivalence in the ferrocenyl building blocks. I4d 
 
We here report on the synthesis and subsequent metallation of [(η5-C5H4)Fe(η5-C5H4C≡C-
4-NCN-1-X)]2 (NCN = [1-C6H2(CH2NMe2)2-3,5]-; X = H, Br) to give novel tetrametallic 
complexes of structural type [(η5-C5H4)Fe(η5-C5H4C≡C-4-NCN-1-MBr)]2 (M = Pd, Pt). Our 
strategy was to use biferrocene as both bridging units and as redox center(s) between two 
NCN-MBr moieties, because only less is known about functionalized polyferrocene 








2. Results and discussion 
Following the Sonogashira cross-coupling protocol, I5 [(η5-C5H4)Fe(η5-C5H4C≡CH)]2 (1) 
produces with 1-I-C6H3(CH2NMe2)2-3,5 (2a) and 1-I-C6H2(CH2NMe2)2-3,5-Br-4 (2b) in the 
presence of catalytic amounts of [(Ph3P)2PdCl2/CuI] in triethylamine as solvent the NCN-
functionalized biferrocenes [(η5-C5H4)Fe(η5-C5H4C≡C-4-NCN-1-X)]2 (NCN = [1-C6H2(CH2-
NMe2)2-3,5]-; 3a, X = H; 3b, X = Br) (Equation 1). After appropriate work-up, 3a and 3b 
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The standard lithiation–transmetallation procedure for the complexation of palladium or 
platinum by NCN-pincers I6 could not be applied for 3a and 3b. Treatment of these species 
with t-BuLi to generate the corresponding dilithium derivatives followed by a quench with 
D2O did not result in the formation of the respective deuterated NCN-pincer molecules. 
Another, and hence very effective option to prepare NCN-pincer complexes with late 
transition metals involves the oxidative addition of carbon-bromide and -iodide bonds, 
respectively, to low-valent metal atoms M (M = Ni, Pd, Pt). I7 A suitable precursor for Pd(0) 
is [Pd2(dba)3·CHCl3] (dba = dibenzylideneacetone) (4). I8 Reacting 3b with equimolar 
amounts of 4 for 18 h at 25 °C in benzene yielded tetrametallic [(η5-C5H4)Fe(η5-C5H4C≡C-4-
NCN-1-PdBr)]2 (6) in 66 % yield (Equation 2). The preparation of the orange colored, iso-





by refluxing 3b with stoichiometric amounts of the platinum source [Pt(tol)2(SEt2)]2 (5) (tol = 




















6, M = Pd






The solubility of 3a, 3b, 6 and 7 strongly decreases with increasing molecular mass. 
Homobimetallic 3a and 3b are nicely soluble in benzene or diethyl ether, whereas 
tetrametallic 6 and 7 can only be dissolved in polar organic solvents such as dichloromethane, 
chloroform, tetrahydrofuran and acetonitrile, whereby 6 shows a somewhat better solubility 
than 7. This can successfully be used in the purification of 6, since this complex precipitates 
from dichloromethane or chloroform by adding n-hexane. Due to the lower solubility of 7 it 
was difficult to isolate analytical pure samples (Section 4). However, ESI-TOF mass 
spectrometric studies confirmed the proposed structure of 7 with M+ at m/e = 1346.2. Further 
typical fragments are M+ -C2H4PtBr (m/e = 1043.1) and M+ -C2NCNPtBr+H (m/e = 851.1). 
 
Compounds 3a, 3b and 6 were characterized by IR, 1H and 13C{1H} NMR spectroscopy and 
elemental analysis. The spectroscopic data for 7 are partly presented as well. 
 
As expected, the 1H NMR spectra of 3a, 3b and 6 in CDCl3 show for the cyclopentadienyl 
protons two resonance signals with a AA’BB’ pattern and coupling constants of 1.8 and 1.9 
Hz, while for 7 only broad resonance signals could be detected. The CH2 and NMe2 protons 





platinum atom as given in complexes 6 and 7 a significant low-field shift of these resonances 
is observed (3b: 2.34, 3.53; 6: 2.99, 3.99; 7: 3.11, 4.01 ppm).  
 
Most characteristic in the 13C{1H} NMR spectra of 3b and 6 is the shift of the C(4) carbon 
atom to lower field, when going from 3b (δ(C-Br) = 126.0 ppm) to 6 (δ(C-PdBr) = 158.2 
ppm). This indicates that C(4) becomes deshielded, due to the presence of the palladium atom. 
Similar downfield shifts are also found for the CH2 and NMe2 carbons (Section 4). 
 
In the IR spectra of 3a, 3b, 6 and 7 the C≡C stretching vibration is found at ca. 2210 cm-1, 
showing that this absorption band is not affected by the introduction of palladium or platinum 
in 3. An analogues behaviour has been observed for complexes with comparable structural 
elements such as {Pt}(C≡C)n{Pt} (n = 1, 2; {Pt} = 4-C6H2(CH2NMe2)2-2,6-PtCl-1). I6c 
 
Cyclovoltammetric studies were carried out with the homobimetallic NCN-functionalized 
biferrocenes 3a and 3b and the tetrametallic biferrocene NCN-pincer metal-d8 complexes 6 
and 7 in tetrahydrofuran and dichloromethane solutions at 25 °C (Table 1). Exemplary, the 






















Figure 1. Cyclic voltammograms of 3b (top) and 6 (bottom) in dichloromethane in the 
presence of [n-Bu4N][PF6] (c = 0.10 M) at 25 °C under argon at a scan rate of 
100 mV s-1. Potentials are referenced to the Cp2Fe/Cp2Fe+ couple as internal 
standard (Cp2Fe = (η5-C5H5)2Fe, E0 = 0.00 V). 
 
The biferrocene-based transition metal compounds, 3a, 3b, 6 and 7 display the typical 
discrete one-electron, chemically reversible oxidation waves E0,1 and E0,2 of the ferrocenyl 
units in the cyclovoltammograms which can be assigned to the Fe(II)/Fe(III) redox couples 
(Table 1). I1e, I4c-d, I9  
In 1 the two iron atoms can be reversibly oxidized at E0,1 = +0.08 V and E0,2 = +0.40 V. I9a 
Compared to 3a and 3b these potentials are somewhat shifted to more negative values, 
indicating that the introduction of NCN-pincer units at the biferrocene core only slightly 
influences the electron density at the iron centres. Compound 3a is more difficult to oxidize 
(+70 mV for the 1st and +80 mV for the 2nd oxidation) than 3b, which is attributed to the 
appropriate polarity of the C-H vs. C-Br bond. The group-10 transition metals palladium and 
platinum in 6 and 7 also affect the redox potentials of the two biferrocene iron atoms. The 
increased electron density leads to an easier oxidation by 20 and 30 mV for the 1st and 40 and 
60 mV for the 2nd wave for 6 and 7, respectively, vs. 3b. A similar shift was observed for the 




















PdCl)2, respectively, in which the NCN pincer unit is directly attached to the cyclopentadienyl 
group. I10, I11 
The difference of the [Fe(II)/Fe(III)] redox couples (∆E0, Table 1) can be used to determine 
the stability of the mixed-valence Fe(II)-Fe(III) species, relative to the iso-valent Fe(II)-
Fe(II)/Fe(III)-Fe(III) systems. I9a, I12 The values of the conproportionation constant KcFe2 for 
3a, 3b, 6 and 7 are of similar order of magnitude and are within the range as found for 
biferrocene (Table 1). I10 This indicates that the introduction of either a palladium(II) or 
platinum(II) ion does not destabilize the mixed-valence Fe(II)-Fe(III) species as it has been 
the case for other tetrametallic biferrocene complexes. I4, I9a 
 
 Table 1. Electrochemical Data of 3a, 3b, 6 and 7, and 1 for Comparison. 
Compd. E0,1 [V] (∆Ep [V]) E0,2 [V] (∆Ep [V]) ∆E0 [V] KcFe2 
Biferrocene I10 -0.09 0.24 0.33 3.78 x 105 
1 I9  0.08  (0.070) 0.40 (0.075) 0.32 2.50 x 105 
3a a) -0.05 (0.270) 0.24 (0.294) 0.29 0.80 x 105 
3b a)  0.02 (0.215) 0.32 (0.216) 0.30 1.37 x 105 
3b b) -0.01 (0.112) 0.32 (0.156) 0.34 4.77 x 105 
6  b) -0.03 (0.115) 0.28 (0.135) 0.31 1.54 x 105 
7  b) -0.04 (0.202) 0.26 (0.188) 0.30 1.22 x 105 
 a) In tetrahydrofuran. b) In dichloromethane. 
 
 Despite the generation of the oxidized species 3, 5 and 6 at the electrode surface on the 
electrochemical time scale, we were not able to isolate mixed valence species. It was found 
that, for example, chemical oxidation led to color changes, but, however, always resulted in 
decomposition of the appropriate oxidized systems. 
 The peak potential differences found for complexes 3, 5 and 6 are typical for oligo- and 





 An efficient synthesis of tetrametallic biferrocene-based complexes of structural type [(η5-
C5H4)Fe(η5-C5H4C≡C-4-NCN-1-MBr)]2 (M = Pd, Pt; NCN = [C6H2(CH2NMe2)2-2,6]-) by the 





platinum(0) sources [Pd2(dba)3.CHCl3] and [Pt(tol)2(SEt2)]2 is described. In these organo-
metallic molecules different multiple electronegative transition metals are linked by linear 
conjugated organic bridging units. 
 As it could be shown ethynyl biferrocenyl units can function as excellent modular bridging 
entities in the construction of complexes of higher nuclearity. Thus obtained complexes 
possess reasonable stability in the solid state. The ferrocenyl redox centers act independently 
of each other, however, the biferrocene linking unit does not modulate the redox chemistry of 
the end-capped NCN-MBr (M = Pd, Pt) building blocks. The peak potential differences ∆E 




4.1. General Methods 
All reactions were carried out under an atmosphere of purified nitrogen using standard 
Schlenk techniques. Tetrahydrofuran, diethyl ether, benzene, toluene and n-hexane were 
purified by distillation from sodium/ benzophenone ketyl. Isopropylamine and triethylamine 
were dried by distillation from KOH. Infrared spectra were recorded with a Perkin Elmer FT-
IR 1000 spectrometer. NMR spectra were recorded with a Bruker Avance 250 spectrometer 
(1H NMR at 250.12 MHz and 13C{1H} NMR at 62.86 MHz) in the Fourier transform mode. 
Chemical shifts are reported in δ units (parts per million) downfield from tetramethylsilane 
with the solvent as the reference signal (CDCl3: 1H NMR, δ = 7.26; 13C{1H} NMR, δ = 77.0). 
Cyclic voltammograms were recorded in a dried cell, purged with purified argon at 25 °C. 
Platinum wires served as working and as counter electrode. A saturated calomel electrode 
served as reference electrode. For ease of comparison, all potentials are converted using the 
redox potential of the ferrocene-ferrocenium couple Cp2Fe/Cp2Fe+ (Cp2Fe = (η5-C5H5)2Fe) as 
the reference (E0 = 0.00 V). Electrolyte solutions were prepared from freshly distilled 
tetrahydrofuran or dichloromethane and [n-Bu4N]PF6 (dried in oil-pump vacuum at 120 °C, c 
= 0.1 M). The respective organometallic complexes were added at c = 1.0 mM. Cyclic 
voltammograms were recorded at a scan rate of 100 mV s-1 using a Radiometer Copenhagen 
DEA 101 Digital Electrochemical Analyzer with an IMT 102 Electrochemical Interface. 
Melting points were determined using sealed nitrogen purged capillaries on a Gallenkamp 
MFB 595 010 M melting point apparatus. Microanalyses were performed by the Department 





recorded with a Mariner ESI-TOF mass spectrometer (Applied Biosystems) operating in the 
positive-ion mode using dichloromethane as solvent. 
 
4.2. General Remarks 
[(η5-C5H4)Fe(η5-C5H4C≡CH)]2 (1), I9 I-1-C6H3(CH2NMe2)2-3,5 (2a), I12 I-1-
C6H2(CH2NMe2)2-3,5-Br-4 (2b), I7 [Pd2(dba)3·CHCl3] (4), I8 and [Pt(4-tol)2(SEt2)]2 (5) I13, I14 
were prepared following published procedures. All other chemicals were purchased from 
commercial suppliers and were used without any further purification. 
 
4.3. Synthesis of [(η5-C5H4)Fe(η5-C5H4C≡C-1-NCNH)]2 (3a) 
Compound 1 (500 mg, 1.20 mmol) and 2 (540 mg, 1.70 mmol) were dissolved in 50 mL of 
diisopropylamine and 70 mg (0.10 mmol, 4.0 mol%) of [(Ph3P)2PdCl2] and 20 mg (0.10 
mmol, 4.0 mol%) of [CuI] were added. After stirring the reaction mixture for 4 hours at 
reflux, all volatiles were removed (oil-pump vacuum). The reddish-brown residue was then 
dissolved in 100 mL of diethyl ether and extracted with a mixture of 100 mL of H2O and 5 
mL of 4 M HCl. The aqueous phase was separated, treated with 30 mL of 1 M NaOH and 
extracted twice with 100 mL of diethyl ether. The combined organic phases were dried over 
MgSO4, filtered through a pad of Celite, evaporated in oil-pump vacuum and purified by 
column chromatography (Silica gel, 7 x 5 cm) with diethyl ether and tetrahydrofuran (ratio 
1:1). The first yellow-orange band was discarded. With methanol a 2nd fraction could be 
eluated. Evaporation of the solvent in oil-pump vacuum afforded 3a as a brown solid. Yield: 
320 mg (0.40 mmol, 47 % based on 2a). 
 
M.p. [°C] 64. IR (KBr): [cm-1] 2212 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 2.25 (s, 24 H, NMe2), 
3.40 (s, 8 H, CH2N), 4.04 (pt, JHH = 1.9 Hz, 4 H, C5H4), 4.22 (pt, JHH = 1.9 Hz, 4 H, C5H4), 
4.26 (pt, JHH = 1.9 Hz, 4 H, C5H4), 4.43 (pt, JHH = 1.9 Hz, 4 H, C5H4), 7.20 (t, 4JHH = 1.4 Hz, 2 
H, C6H3), 7.29 (d, 4JHH = 1.4 Hz, 4 H, C6H3). 13C{1H} NMR (CDCl3): [δ] 45.3 (NCH3), 63.9 
(NCH2), 65.9 (iC/C5H4), 68.1 (CH/C5H4), 69.8 (CH/C5H4), 70.0 (CH/C5H4), 72.3 (CH/C5H4), 
84.1 (iC/C5H4), 86.0 (FcC≡C), 87.8 (FcC≡C), 123.7 (iC/C6H3), 129.0 (CH/C6H3), 130.6 
(CH/C6H3), 138.9 (iC/C6H3). Anal. calc. for C48H54Fe2N4 (798.66): C, 72.19; H, 6.82; N, 7.03. 







4.4. Synthesis of [(η5-C5H4)Fe(η5-C5H4C≡C-4-NCN-1-Br)]2 (3b) 
Compound 3b was prepared according to the procedure described for 3a, using 380 mg 
(0.91 mmol) of 1, 500 mg (1.26 mmol) of 2b, 50 mg (0.07 mmol, 4.0 mol%) of 
[(Ph3P)2PdCl2] and 14 mg (0.07 mmol, 4.0 mol%) of [CuI] in 50 mL of triethylamine. The 
title compound was purified by column chromatography over alumina using diethyl ether as 
eluent for the 1st band and a mixture of diethyl ether-tetrahydrofuran in the ratio of 3:2 for the 
2nd fraction. After evaporation of the solvents, 3b was obtained as a red-brown solid. Yield: 
305 mg (0.32 mmol, 51 % based on 2b). 
 
M.p. [°C] 79. IR (KBr): [cm-1] 2213 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 2.34 (s, 24 H, NMe2), 
3.53 (s, 8 H, CH2N), 4.06 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.22 (pt, JHH = 1.8 Hz, 4 H, C5H4), 
4.26 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.42 (pt, JHH = 1.8 Hz, 4 H, C5H4), 7.40 (s, 4 H, C6H2). 
13C{1H} NMR (CDCl3): [δ] 45.6 (NCH3), 63.7 (NCH2), 65.7 (iC/C5H4), 67.9 (CH/C5H4), 69.7 
(CH/C5H4), 70.0 (CH/C5H4), 72.4 (CH/C5H4), 84.1 (iC/C5H4), 85.4 (C≡C), 88.8 (C≡C), 122.6 
(iC/C6H2), 126.0 (iCBr/C6H2), 131.7 (CH/C6H2), 138.7 (iC/C6H2). Anal. calc. for 
C48H52Br2Fe2N4 (956.45): C, 60.28; H, 5.48; N, 5.86. Found: C, 59.93; H, 5.29; N, 5.76. 
 
 
4.5. Synthesis of [(η5-C5H4)Fe(η5-C5H4C≡C-4-NCN-1-PdBr)]2 (6) 
60 mg (0.063 mmol) of 3b and 60 mg (0.058 mmol) of 4 in 15 mL of benzene were stirred 
for 18 hours at 25 °C. Afterwards, 20 mL of tetrahydrofuran were added and the reaction 
mixture was stirred for 4 hours at room temperature. All volatiles were removed in oil-pump 
vacuum, the greenish-black residue was dissolved in 20 mL of chloroform, filtered through a 
pad of Celite, and concentrated in oil-pump vacuum to 3 mL. n-Hexane (30 mL) was added, 
whereby an orange solid precipitated which was washed three times with n-hexane (10 mL) 
and then with diethyl ether (10 mL) to gave 6 as an orange solid. Yield: 45 mg (0.038 mmol, 
66 % based on 4). 
 
M.p. [°C] 142 (dec.). IR (KBr): [cm-1] 2212 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 2.99 (s, 24 H, 
NMe2), 3.99 (s, 8 H, CH2N), 4.05 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.21 (pt, JHH = 1.8 Hz, 4 H, 
C5H4), 4.25 (pt, JHH = 1.8 Hz, 4 H, C5H4), 4.40 (pt, JHH = 1.8 Hz, 4 H, C5H4), 6.88 (s, 4 H, 
C6H2). 13C{1H} NMR (CDCl3): [δ] 53.7 (NCH3), 66.1 (iC/C5H4), 68.2 (CH/C5H4), 69.8 





(C≡), 122.6 (CH/C6H2), 128.4 (iC/C6H2), 145.0 (iC/C6H2), 158.2 (iC/C6H2). Anal. calc. for 




4.6. Synthesis of [(η5-C5H4)Fe(η5-C5H4C≡C-4-NCN-1-PtBr)]2 (7) 
100 mg (0.105 mmol) of 3b and 95 mg (0.102 mmol) of 5 dissolved in 15 mL of toluene 
were stirred at reflux for 5 min. The orange solution was cooled to 25 °C, filtered through a 
pad of Celite and concentrated in oil-pump vacuum to 5 mL. Upon addition of 20 mL of n-
hexane an orange precipitate formed, which was washed twice with n-hexane (10 mL) and 
diethyl ether (10 mL) and dried in oil-pump vacuum to afford 80 mg (0.059 mmol, 58 % 
based on 5) of 7. 
 
M.p. [°C] 159 (dec.). IR (KBr): [cm-1] 2211 (w) [νC≡C]. 1H NMR (CDCl3): [δ] 3.11 (bs, 3JPtH 
= 34.8 Hz, 24 H, NMe2), 4.01 (bs, 8 H, CH2N), 4.04 (bs, 4 H, C5H4), 4.25 (bs, 8 H, C5H4), 
4.41 (pt, JHH = 1.8 Hz, 4 H, C5H4), 6.91 (s, 4 H, C6H2). ESI-TOF MS [m/z (rel. int.)] 1346.2 
(15) [M+], 1043.1 (10) [M+-C2H4BrPt], 858.1 (100) [M+-C2NCNPtBr+H]. Anal. calc. for 









  For example: a) C.T. Chen, K.S. Suslick, Coord. Chem. Rev., 1993, 128, 293. b) F. 
Paul, C. Lapinte, Coord. Chem. Rev., 1998, 178-180, 431. c) C. Hortholary, C. 
Coudret, J. Org. Chem., 2003, 68, 2167. d) S. Rigaut, J. Perruchon, L. Le Pichon, D. 
Touchard, P.H. Dixneuf, J. Organomet. Chem., 2003, 67, 37. e) T.Y. Dong, M.C. Lin, 
M.Y.N. Chiang, J.Y. Wu, Organometallics, 2004, 23, 3921. f) A. Avrim, M. Ratner, in 
Molecular Electronics: Science and Technology, The New Academy of Science and 
Technology, New York, 1998. g) J.M.Tour, Acc. Chem. Res., 2000, 33, 791. h) D. 
Astruc, Acc. Chem. Res., 1997, 30, 383. i) J.P. Launay, Chem. Soc. Rev., 2001, 30, 





Acc. Chem. Res., 1998, 31, 842. l) H. Lang, Angew. Chem. Int. Ed. Engl., 1994, 33, 
547. m) U.H.F. Bunz, Angew. Chem. Int. Ed. Engl., 1996, 35, 969. n) T.M. Swager, 
Acc. Chem. Res., 1998, 31, 201. o) M. Mayor, C. von Hänisch, H.B. Weber, J. 
Reichert, D. Beckmann, Angew. Chem. Int. Ed. Engl., 2002, 41, 1183. p) J.W. Ying, 
D.R. Sobraningh, G.L. Xu, A.E. Kaifer, T. Ren, Chem. Commun., 2005, 357. 
I2
  For example see: a) P.D. Beer, P.A. Gale, G.Z. Chen, Coord. Chem. Rev., 1999, 185-
186, 3. b) O.B. Sutcliffe, M.R. Bryce, A.S. Batsanov, J. Organomet. Chem., 2002, 
656, 211. c) P.D. Beer, E. Hayes, J. Coord. Chem. Rev., 2003, 240, 167. d) J. 
Razumiene, A. Vilkanauskyte, V. Gureviciene, V. Laurinavicius, N.V. 
Roznyatovskaya, Y.V. Ageeva, M.D. Reshetova, A.D. Ryabov, J. Organomet. Chem., 
2003, 668, 83. e) M.J. Moloto, S.M. Nelana, R.M. Moutloali, I.A. Guzei, J. Darkwa, J. 
Organomet. Chem., 2003, 689, 387.  
I3
  a) W. Kaim, W. Bruns, S. Kohlmann, M. Krejcik, Inorg. Chim. Acta, 1995, 229, 143. 
b) M.H. Delville, Inorg. Chim. Acta, 1999, 281, 1. c) I.R. Farrell, F. Hartl, S. Zalis, T. 
Mahabiersing, J. Chem. Soc. Dalton Trans., 2000, 4323. d) R.D.A. Hudson, J. 
Organomet. Chem., 2001, 637-639, 47. e) A.S. Abd-El-Aziz, E.K. Todd, Coord. 
Chem. Rev., 2003, 246, 3. f) I. Fratoddi, C. Battocchio, A. Furlani, P. Mataloni, G. 
Polzonetti, M.V. Russo, J. Organomet. Chem., 2003, 674, 10. 
I4
  a) D.M. Hendrickson, S.M.; Oh, T.Y. Dong, T. Kambara, M.J. Cohn, M.F. Moore, 
Comments. Inorg. Chem., 1985, 4, 329. b) M.H. Delville, F. Robert, P. Gouzerh, J. 
Linares, K. Boukheddaden, F. Varret, D. Astruc, J. Organomet. Chem., 1993, 451, 
C10. c) T.Y. Dong, M.J. Cohn, D.N. Hendrickson, C.G. Pierpont, J. Am. Chem. Soc.,  
1985, 107, 4478. d) T.Y. Dong, D.N. Hendrickson, C.G. Pierpont, M.F. Moore, J. Am. 
Chem. Soc., 1986, 108, 963. e) L.A. Hore, C.J. McAdam, J.L. Kerr, N.W. Duffy, B.H. 
Robinson, J. Simpson, Organometallics, 2000, 19, 5039. f) Y. Mori, T. Kasai, T. 
Takesada, H. Komatsu, H. Yamazaki, M. Haga, Chem. Lett., 2001, 996. g) T.Y. Dong, 
B.R. Huang, SM. Peng, G.H. Lee, M.Y. Chiang, J. Organomet. Chem., 2002, 659, 
125. h) T.Y. Dong, C.K. Chang, S.H. Lee, L.L. Lai, M.Y.N. Chiang, K.J. Lin, 
Organometallics, 1997, 16, 5816. i) T.Y. Dong, L.S. Chang, I.M. Tseng, S.J. Huang 
Langmuir, 2004, 20, 4471. j) T.Y. Dong, H.W. Shih, L.S. Chang, Langmuir, 2004, 20, 
9340. 
I5
  K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett., 1975, 50, 4467. 
I6
  a) D.M. Grove, G. van Koten, J.N. Louwen, J.G. Noltes, A.L. Spek, H.J.C. Ubbels, J. 





Koten, Organometalics, 1998, 17, 731. c) S. Back, M. Lutz, A.L. Spek, H. Lang, G. 
van Koten, J. Organomet. Chem., 2001, 620, 227. 
I7
  G. Rodríguez, M. Albrecht, J. Schoenmaker, A. Ford, M. Lutz, A.L. Spek, G. van 
Koten, J. Am. Chem. Soc., 2002, 124, 5127. 
I8
  S. Komiya, Synthesis of Organometallic Compounds; Wiley: Winchester, U.K., 1997. 
I9 
 a) M.C.B. Colbert, D. Hodgson, J. Lewis, P.R. Raithby, N.J. Long, Polyhedron, 1995, 
14, 2759. b) N.J. Long, A.J. Martin, R. Vilar, A.J.P. White, D.J. Williams, M. Younus 
Organometallics, 1999, 18, 4261. 
I10
  N. Comire, U.T. Müller-Westerhoff, W.E. Geiger, J. Organomet. Chem., 2001, 637-
639, 823. 
I11
  S. Köcher, G.P.M. van Klink, G. van Koten, H. Lang, J. Organomet. Chem., 2003, 
684, 230. 
I12
  a) D.E. Richardson, H. Taube, Coord. Chem. Rev. , 1984, 60, 107. b) C. Creutz, Prog. 
Inorg. Chem., 1983, 30, 73. 
I13
  H.P. Dijkstra, M.D. Meijer, J. Patel, R. Kreiter, G.P.M. van Klink, M. Lutz, A.L. 
Spek, A.J. Canty, G. van Koten, Organometallics, 2001, 20, 3157. 
I14
  a) B.R. Steele, K. Vrieze, K.; Transition Met. Chem., 1977, 2, 140. b) A.J. Canty, J. 











Aufgrund der Zusammenarbeit mit dem nicht-deutschsprachigen Arbeitskreis von Prof. van 
Koten und der Veröffentlichungen in englischer Sprache, wurde die deutsche Zusammen-




Die vorliegende Arbeit befasst sich mit der Synthese, dem Reaktionsverhalten, den 
strukturellen und den elektrochemischen Eigenschaften von mono-, bi- und multimetallischen 
Übergangsmetallkomplexen mit Metallen der Gruppen 4, 8 und 10 des Periodensystems der 
Elemente. 
 
Die vorliegende Arbeit ist in die drei nachfolgend aufgeführten Schwerpunkte gegliedert: 
 
I Synthese, Struktur und elektrochemische Untersuchungen Alkyloxy- und 
Aryloxy-substituierter Titanocene, 
 
II Synthese, Reaktionsverhalten und Struktur para-Oxim-substituierter und para-
Cyano-substituierter NCN-Pincerverbindungen, 
 
III Synthese, Reaktionsverhalten, Struktur und elektrochemische Untersuchungen 
bimetallischer para-Ferrocenyl-substituierter NCN-Pincerverbindungen, tri-




Im Folgenden werden die wichtigsten Ergebnisse der einzelnen Schwerpunkte diskutiert. 
 
Zu Schwerpunkt I: 
Die Synthese mono- und bimetallischer Alkyloxy- und Aryloxy-substituierter Titanocene 
kann wie in Reaktionsgleichung Ia verdeutlicht erfolgen. Dabei wird das Titanocendichlorid 
[Ti]Cl2 ([Ti] = (η5-C5H4SiMe3)2Ti) in Diethylether mit einem der entsprechenden Hydroxy-




methylalkoholen Methanol, Hydroxymethyldiphenylphosphan oder Hydroxymethylferrocen, 
bzw. den Phenolen Phenol, p-Hydroxybenzonitril, p-Kresol, p-Hydroxyanisol, p-
Hydroxyacetophenon, p-Hydroxybezoesäuremethylester, p-Hydroxynitrobenzol oder m-















R = Me, CH2PPh2, CH2Fc,




Reaktionsgleichung Ia: Synthese Alkyloxy- und Aryloxy-substituierter Titanocene. 
 
Durch die Reaktion zweier Äquivalente p-Hydroxynitrobenzol mit [Ti]Cl2 konnte, wie in 
Schema Ib dargestellt, ein Diaryloxytitanocen dargestellt werden. Homobimetallische 
Aryloxy-substituierter Titanocene sind durch die Reaktion von [Ti]Cl2 mit den 
entsprechenden Bishydroxybenzolverbindungen Hydrochinon oder 1,1‘-Dihydroxybiphenyl 
(Schema Ib) erhältlich.  
 
Elektrochemische Untersuchungen an den dargestellten Titanocenen zeigten, dass das 
Potential der Ti(IV)/Ti(III)-Reduktion für Alkyloxy-substituierte Titanocene unabhängig von 
der Art des Susbtituenten ist. In Gegensatz dazu konnte für Aryloxy-substituierte Titanocene 
eine lineare Korrelation des Reduktionspotentials mit dem σp/m Hammett Substitutions-


































n = 1, 2
 
Schema Ib: Synthese von Diaryloxy-Titanocen und homobimetallischer Aryloxy-Titanocene. 
 
 
Zu Schwerpunkt II: 
In Schema IIa ist die Umsetzung von Benzaldehyd-NCN-Pincerverbindungen mit 
Hydroxylamin dargestellt. Dabei können durch gezielte Wahl der Reaktionsbedingungen 
para-Oxim-substituierte Pincer oder para-Cyano-substituierte Pincer erhalten werden, wobei 
gegebenenfalls auch die Oxim- in eine Cyano-Gruppe umgewandelt werden kann.  
 
Die para-Oxim-substituierten Pincermoleküle liegen im Festkörper polymer in Form von 
eindimensionalen durch intermolekulare O-H…N-Wasserstoffbrücken gebildeten Ketten vor.  
 
Mittels oxidativer Addition der Kohlenstoff-Brom-Bindung an Übergangsmetalle in 
niedrigen Oxidationsstufen konnten para-Oxim- und para-Cyano-substituierte Palladium(II)- 
und Platin(II)-NCN-Pincerkomplexe hergestellt werden (Schema IIa). 
 
Spektroskopische Untersuchungen und Einkristallröntgenstrukturanalyse belegen für para-
Oxim-substituierte Palladium(II)- oder Platin(II)-NCN-Pincersysteme eine gerichtete lineare 
polymere Struktur, gebildet durch O-H…Br-Wasserstoffbrücken. Im Gegensatz dazu liegen 
para-Cyano-substituierte Gruppe-10-NCN-Pincermoleküle monomer vor, können aber durch 

































M = Pd, Pt
 




Zu Schwerpunkt III: 
Die Darstellung Ferrocenyl-substituierter NCN-Pincerverbindungen gelingt mit Hilfe 
palladiumkatalysierter C-C-Kreuzkupplungsreaktionen zwischen I-1-C6H3(CH2NMe2)2-3,5 
und entsprechend substituierten Ferrocenen (Schema IIIa).  
 
So erhält man durch Stille-Kupplung von I-1-C6H3(CH2NMe2)2-3,5 mit Fc(BOH)2 das 
Ferrocen Fc-C6H3(CH2NMe2)2-3,5. Ein entsprechend Bis-Pincer-substituiertes Ferrocen ist 
durch  Negeshi-Kupplung von IC6H3(CH2NMe2)2-3,5 mit Fe[η5-C5H4(ZnCl)]2 zugänglich. 
Die Sonogashira-Kupplung von Ethinylferrocenen mit I-1-C6H3(CH2NMe2)2-3,5 liefert die 
entsprechenden Ferrocenylethinyl-substituierten Pincerverbindungen.  
 


































Schema IIIa: Synthese von para-Ferrocenyl-substituierten NCN-Pincermolekülen. 
 
Da ein freies Bisethinylferrocen nicht darstellbar ist, konnte eine Bisethinylferrocen-NCN-















Reaktionsgleichung IIIb: Alternative Synthese eines Bisethinylferrocen-NCN-Pincers. 
 
Die so erhaltenen Ferrocenyl-substituierten NCN-Pincerkomplexe können wie in Schema 
IIIc gezeigt lithiiert werden und durch nachfolgende Transmetallierung in heterobimetallische 
Fe-Pd- oder Fe-Pt-Komplexe umgewandelt werden.  
 
Alternativ können die lithiierten Intermediate mit Iod umgesetzt werden. Anschließende 
oxidative Addition der Kohlenstoff-Iod-Bindung an Übergangsmetalle in niedrigen 
Oxidationsstufen liefert in hohen Ausbeuten Ferrocenyl-substituierte Palladium(II)- und 
Platin(II)-NCN-Pincersysteme. 
 





















M = Pd, Pt
X = Cl, I
E = Einfachbindung, -C≡C-
 
Schema IIIc: Darstellung heterobimetallischer NCN-Pincerverbindungen. 
 
In analoger Weise können, wie in Schema IIIc gezeigt, Bis-Pincer-substituierte Ferrocene in 
die entsprechenden trimetallische FePd2- oder FePt2-Verbindungen umgewandelt werden. 
Dabei zeigte sich, dass Bisethinylferrocenyl- und Bisethinylbiferrocenyl-NCN-
Pincermoleküle nicht lithiiert werden können. Die Synthese tetrametallischer Verbindungen 





















BrM M = Pd, Pt
 
Schema IIId: Darstellung tetrametallischer NCN-Pincerverbindungen. 
 
 




Alle Ferrocenyl-substituierten NCN-Pincerverbindungen wurden cyclovoltammetrisch 
untersucht. Es zeigte sich, dass die Fe(II)/Fe(III)-Oxidation gegenüber der Präsenz eines 
Gruppe-10 Übergangsmetalls empfindlich ist. Aufgrund der erhöhten Elektronendichte wird 
dabei die reversible Oxidation der Ferrocengruppe erleichtert. Ebenso konnte elektrochemisch 
die Absorption von gasförmigem SO2 durch heterobimetallische Fe-Pt-Verbindungen mit 
Hilfe einer erschwerten Ferrocenoxidation nach SO2-Aufnahme nachgewiesen werden. 
 
 
Alle neu dargestellten Verbindungen wurden analytisch (Elementaranalyse, Schmelzpunkt) 
sowie spektroskopisch (IR, 1H-, 13C{1H}-, 31P{1H}-NMR) vollständig charakterisiert. Von 
repräsentativen Vertretern dieser Verbindungen konnten Einkristallröntgenstrukturanalysen 
angefertigt werden. 
 







The present work describes the synthesis, the reaction behavior, as well as structural and 
electrochemical properties of mono-, bi- and multi-metallic transition metal complexes with 
group 4, 8 and 10 metal atoms of the periodic table of elements. 
 
The present work is divided into three main topics: 
 
I Synthesis, structure and electrochemical investigations of alkyloxy- and aryloxy-
substituted titanocenes, 
 
II Synthesis, reaction behavior and structure of para-oxim-substituted and para-
cyano-substituted NCN-pincer compounds, 
 
III Synthesis, reaction behavior, structure and electrochemical investigations of 
bimetallic para-ferrocenyl-substituted NCN-pincer compounds, of trimetallic bis-




The most relevant results are discussed below. 
 
Topic I: 
The synthesis of mono- and bimetallic alkyloxy- and aryloxy titanocenes is possible 
according to the method shown in Equation Ia. The titanocenedichloride [Ti]Cl2 ([Ti] = (η5-
C5H4SiMe3)2Ti) was thereby reacted in diethyl ether with one of the hydroxymethylalcohols 
methanol, hydroxymethyldiphenylphosphane or hydroxymethylferrocene, or with the phenols 
phenol, p-hydroxybenzonitrile, p-cresol, p-hydroxyanisole, p-hydroxyacetophenone, p-
hydroxybezoicacid methylester, p-hydroxynitrobenzene or m-hydroxynitrobenzene in the 
presence of the base diethylamine. 

















R = Me, CH2PPh2, CH2Fc,




Equation Ia: Synthesis of alkyloxy- and aryloxy-substituted titanocenes. 
 
As shown in Scheme Ib, upon reaction of two equivalents of p-hydroxynitrobenzene with 
[Ti]Cl2 a diaryloxy titanocene was accessible. Homobimetallic aryloxy-substituted titanocenes 
could be produced by the reaction of [Ti]Cl2 with the bishydroxybenzenes hydroquinone or 




























n = 1, 2
 
Scheme Ib: Synthesis of diaryloxy titanocenes and homobimetallic aryloxy titanocenes. 
 
Electrochemical studies on the newly prepared titanocenes did not show any influence of the 
nature of the alkyloxy substituents on the Ti(IV)/Ti(III) reduction potential. However, for 




aryloxy-substituted titanocenes, a linear correlation of the reduction potential with σp/m 
Hammett substituent constants was found, proving a strong influence of the substituents on 




Scheme IIa shows the reaction of benzaldehyde NCN-pincer compounds with 
hydroxylamine. By variation of the reaction conditions para-oxime-substituted pincers or 
para-cyano-substituted pincers molecules could be obtained. Optionally the former type of 



























M = Pd, Pt
 
Scheme IIa: Synthesis of para-oxim- and para-cyano-substituted NCN pincer complexes. 
 
In the solid state, the para-oxim-substituted NCN-pincer systems form polymers with one-
dimensional chains built-up by intermolecular O-H…N hydrogen bonds. 
 
By oxidative addition of the carbon-bromine bond to transition metals in low oxidation 
states para-oxim- and para-cyano-substituted palladium(II)- and platinum(II)-NCN-pincer 
species could by synthesized (Scheme IIa). 
 




Spectroscopic studies and single crystal X-Ray structure analysis show that para-oxim-
substituted palladium(II)- or platinum(II)-NCN-pincer compounds form directed and linear 
polymeric structures in the solid state set-up by O-H…Br hydrogen bond formations. By 
comparison, para-cyano-substituted group-10 NCN-pincers are monomeric but can be 




The preparation of ferrocenyl-substituted NCN-pincer compounds can be achieved via 
palladium-catalyzed C-C cross-coupling reactions between I-1-C6H3(CH2NMe2)2-3,5 and 
































Scheme IIIa: Synthesis of para-ferrocenyl-substituted NCN-pincer molecules. 
 
Stille-coupling of I-1-C6H3(CH2NMe2)2-3,5 with Fc(BOH)2 gave Fc-C6H3(CH2NMe2)2-3,5. 
A related bis-pincer-substituted ferrocene could be prepared using a Negeshi-coupling type 
reaction between I-1-C6H3(CH2NMe2)2-3,5 and Fe[η5-C5H4(ZnCl)]2. The Sonogashira-
coupling of ethynylferrocene with I-1-C6H3(CH2NMe2)2-3,5 yielded the respective 
ferrocenylethynyl pincers. 
Since pure bisethynylferrocene could not be synthesized, a modified procedure to prepare 
bisethynylferrocenyl NCN-pincers systems had to be applied (Scheme IIIb). 
















Scheme IIIb: alternative synthesis for a bisethynylferrocenyl NCN-pincer molecule. 
 
Ferrocenyl-substituted pincers could be lithiated, as shown in Scheme IIIc, and subsequently 



















M = Pd, Pt
X = Cl, I
E = direct bond, -C≡C-
 
Scheme IIIc: Preparation of heterobimetallic NCN-pincer compounds. 
 
Alternatively, the lithiated intermediates could be reacted with iodine. The following 
oxidative addition of the carbon-iodine bond to transitions metals in low oxidation states gave 
ferrocenyl-substituted palladium(II) or platinum(II) NCN-pincers in high yield. 
 
Analogous to the method depicted in Scheme IIIc, bis-pincer-substituted ferrocenes could 
be converted to trimetallic FePd2 or FePt2 compounds. In this context it was found that bis-
ethynylferrocenyl- and bisethynylbiferrocenyl NCN-pincers could not be lithiated. The 
synthesis of tetrametallic compounds is possible, using the alternative synthetic procedure 
shown in Scheme IIId. 
 























BrM M = Pd, Pt
 
Scheme IIId: Preparation of tetrametallic NCN-pincer compounds. 
 
All ferrocenyl-substituted NCN-pincer compounds were analyzed by cyclic voltammetry. It 
was found that the Fe(II)/Fe(III) oxidation is sensitive toward the presence of a group-10 
transition metal. The ferrocene oxidation is facilitated by an increase in electron density. The 
absorption of gaseous SO2 by heterobimetallic Fe-Pt compounds could also be detected 
electrochemically, resulting in a slightly more difficult ferrocene oxidation. 
 
 
All newly prepared compounds have been completely characterized analytically (elemental 
analysis, melting point) and spectroscopically (IR, 1H-, 13C{1H}-, 31P{1H}-NMR). Selected 
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Alkyloxy- and aryloxy-functionalized titanocenes of type [Ti](Cl)(OR) (R = Me (2), = 
CH2PPh2 (3), = CH2Fc (4), = C6H5 (5), = C6H4-4-C≡N (6), = C6H4-4-NO2 (7),= C6H4-4-Me 
(8), = C6H4-4-OMe (9), = C6H4-4-C(O)Me (10), = C6H4-4-CO2Me (11), = C6H4-3-NO2 (12); 
[Ti] = (η5-C5H4SiMe3)2Ti; Fc = (η5-C5H4)(η5-C5H5)Fe) were synthesized by the reaction of 
[Ti]Cl2 (1) with ROH in a 1:1 molar ratio and in presence of Et2NH. Diaryloxy titanocenes (i. 
e., [Ti](OC6H4-4-NO2)2 (13)) are accessible, when the ratio of 1 and ROH is changed to 1:2. 
This synthesis methodology also allowed the preparation of dinuclear complexes of 
composition ([Ti](Cl))2(µ-OC6H4O) (14) and ([Ti](Cl)(µ-OC6H4-4))2 (15), when 1 was 
reacted with hydroquinone or 1,1’-dihydroxybiphenyl in a 2:1 stoichiometry.  
Cyclic voltammetric studies show the characteristic Ti(IV)/Ti(III) reductions. It was found 
that the potentials of the alkyloxy titanocenes 2 - 4 do not differ, while for the aryloxy-
titanocenes 5 - 15 the reduction potentials correlate linearely with the σp/m Hammett 
substituent constants showing a strong influence of the substituents on the electron density at 
the titanium. 
The structures of titanocenes 4, 5, 9, and 11 - 13 in the solid state are reported. Typical for 
these organometallic sandwich compounds is a distorted tetrahedral coordination geometry 





of ca. 130 °. In comparison to 4, for the aryloxy-titanocenes 5, 9, and 11 - 13 a significant 
larger Ti-O-C angle was found confirming electronic interactions between the titanium and 
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The oxime-substituted NCN-pincer molecules HON=CH-1-C6H3(CH2NMe2)2-3,5 (2a) and 
HON=CH-4-C6H2(CH2NMe2)2-2,6-Br-1 (2b) were accessible by treatment of the 
benzaldehydes H(O)C-4-C6H3(CH2NMe2)2-3,5 (1a) and H(O)C-4-C6H2(CH2NMe2)2-2,6-Br-1 
(1b) with an excess of hydroxylamine. In the solid state both compounds are forming 
polymers with intermolecular O-H…N connectivities between the Me2NCH2 substituents and 
the oxime entity of further molecules of 2a and 2b, respectively. Characteristic for 2a and 2b 
is a helically arrangement involving a crystallographic 21 screw axis of the HON=CH-1-
C6H3(CH2NMe2)2-3,5 and HON=CH-4-C6H2(CH2NMe2)2-2,6-Br-1 building blocks. 
The reaction of 2b with equimolar amounts of [Pd2(dba)3·CHCl3] (3) (dba = dibenzylidene 
acetone)  or [Pt(tol)2(SEt2)]2 (4) (tol = 4-tolyl) gave by an oxidative addition of the C-Br unit 
to M coordination polymers with a [(HON=CH -1-C6H2(CH2NMe2)2-2,6)MBr] repeating unit 
(5: M = Pd, 6: M = Pt). Complexes 5 and 6 are in the solid state linear hydrogen-bridged 
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Nitrile-functionalized NCN-pincer complexes of type [MBr(N≡C-4-C6H2(CH2NMe2)2-2,6)] 
(6a, M = Pd; 6b, M = Pt) (NCN = [C6H2(CH2NMe2)2-2,6]-) are accessible by the reaction of 
Br-1-N≡C-4-C6H2(CH2NMe2)2-2,6 (2b) with [Pd2(dba)3.CHCl3] (5a) (dba = dibenzylidene 
acetone) and [Pt(tol-4)2(SEt2)]2 (5b) (tol = tolyl), respectively. Complex 6b could successfully 
be converted to the linear coordination polymer {[Pt(N≡C-4-C6H2(CH2NMe2)2-2,6)](ClO4)}n 
(8) upon its reaction with the organometallic heterobimetallic pi-tweezer compound {[Ti](µ-
σ,π-C≡CSiMe3)2}AgOClO3 (7) ([Ti] = (η5-C5H4SiMe3)2Ti). 
The structures of 6a (M = Pd) and 6b (M = Pt) in the solid state are reported. In both 
complexes the d8-configurated transition metal ions palladium(II) and platinum(II) possess a 





10 metal atoms M is reached by the coordination of two ortho-substituents Me2NCH2, the 
NCN ipso-carbon atom and the bromide ligand. The N≡C group is para-positioned with 
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The meta-diaminoaryl ferrocenes Fc-NCN-H (3) and Fc-C≡C-NCN-H (5) (Fc = (η5-C5H5)-
(η5-C5H4)Fe, NCN-H = 1-C6H3(CH2NMe2)2-3,5) can successfully be used as precursors in the 
preparation of heterobimetallic transition metal complexes of structural type Fc-NCN-MX 
(NCN = [C6H2(CH2NMe2)2-2,6]–; MX = PdCl (7), PtCl (8), PtI (9)) and Fc-C≡C-NCN-MX 
(MX = PdCl (11), PdI (12), PtCl (13)), respectively. They are accessible by applying different 
synthesis procedures, including oxidative addition and metallation-transmetallation. 
Cyclovoltammetric studies show that the ferrocene moieties in 3, 5, 7 - 9 and 11 - 13 can 
reversibly be oxidised. The potential of the Fe(II)/Fe(III) redox couple decreases with 
increasing electron density at the NCN pincer unit, due to the presence of Pd(II) and Pt(II) 
ions, respectively. The use of 8 as a (electro)chemical sensor in the detection of SO2 is 





The solid-state structures of 8 and 13 are reported. The crystals of 8 contain two molecules 
of 8 in the asymmetric unit. The plane of the C6H2 moiety is with 27.2(3)° and 38.2(3)° tilted 
towards the C5H4 entity, while in 13 an angle of 45.9(3)° can be found. The d8-electron 
configured platinum atoms possess a somewhat distorted square-planar surrounding, set-up by 
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Abstract 
The meta-diaminoaryl ferrocene Fe[η5-C5H4(NCNH)]2 [NCNH = 1-C6H3(CH2NMe2)2-3,5] 
(3) can be synthesised by the reaction of Fe[η5-C5H4(ZnCl)]2 (1) with I-C6H3(CH2NMe2)2-3,5 
(2) in a 1:2 molar ratio in the presence of catalytic amounts of [Pd(PPh3)2]. The two meta-
dimaminoaryl NCNH pincer units in 3 can be used to assemble multimetallic complexes. 
Thus, 3 produces on reaction with t-BuLi and (Me2S)2PdCl2 trimetallic Fe[η5-C5H4(NCN-4-
PdCl)]2 {NCN = 1-C6H2(CH2NMe2)2-3,5} (6) along with heterobimetallic Fe[η5-C5H4-
(NCNH)][η5-C5H4(NCN-4-PdCl)] (5). Complex 6 contains two bis-ortho-chelated pincer 
NCN-PdCl units, whereas 5 possesses one bis-ortho-chelated NCN-pincer entity and one non-
metallated NCNH moiety. Complex 6 is the first example in organometallic chemistry in 
which two bis-ortho-chelated diaminoaryl palladium units are bridged via the respective para 
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Ferrocene-bridged NCN pincer complexes of structural type Fe(η5-C5H4-4-NCN-1-MX)2 (X 
= I: 6, M = Pd; 7, M = Pt; X = Cl: 8, M = Pt; NCN = [4-C6H2(CH2NMe2)2-2,6]-) are 
accessible by the subsequent reaction of Fe(η5-C5H4-4-NCNH)2 (4) with n-BuLi and 
[PtCl2(SEt2)2] (synthesis of 8) or treatment of Fe(η5-C5H4-4-NCN-1-I)2 (5) with [Pd2(dba)3] 
(synthesis of 6) or [Pt(tol)2(SEt2)]2 (synthesis of 7) (dba = dibenzylidene acetone, tol = 4-
tolyl). In addition, the Sonogashira cross-coupling of Fe(η5-C5H4I)2 (1) with HC≡C-4-NCNH 
(2) to give Fe(η5-C5H4-C≡C-4-NCNH)2 (3) and the reaction behavior of 3 towards t-BuLi is 
reported. 
Cyclovoltammetric studies show that the ferrocene entity can reversibly be oxidized. The 
Fe(II)/Fe(III) potential decreases with increasing electron density at the NCN-pincer units, 
due to the presence of the M-halide moiety (M = Pd, Pt). 
The solid-state structure of Fe(η5-C5H4-4-NCN-1-PdI)2 (6) is presented. In 6 the Fe(η5-
C5H4)2 unit connects two NCN-PdI-pincer entities with palladium in a square-planar 
environment. The cyclopentadienyl ligands show a staggered conformation. The C6H2 rings 
are tilted by 23.5(3) ° towards the C5H4 entities and the C6H2 plane is almost coplanar with 
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The synthesis of biferrocene-bridged NCN-pincer palladium and platinum complexes (NCN 
= [1-C6H2(CH2NMe2)2-3,5]-) is discussed. Sonogashira cross-coupling of [(η5-C5H4)Fe(η5-
C5H4C≡CH)]2 (1) with I-1-NCN-4-X (2a, X = H; 2b, X = Br) produces [(η5-C5H4)Fe(η5-
C5H4C≡C-1-NCN-4-X)]2 (3a, X = H; 3b, X = Br). Homobimetallic 3b further reacts with 
[Pd2(dba)3.CHCl3] (4) or [Pt(tol)2(SEt2)]2 (5) (dba = dibenzylidene acetone, tol = 4-tolyl), 
respectively, to give tetrametallic [(η5-C5H4)Fe(η5-C5H4C≡C-1-NCN-4-MBr)]2 (6, M = Pd; 7, 
M = Pt) in which NCN-MBr fragments are connected by a biferrocene unit. 
Cyclovoltammetric studies show that the ferrocene moieties can independently be oxidized. 
The difference of the Fe(II)/Fe(III) redox couples amounts to ca. 300 mV and is not affected 
by the nature of the NCN-pincer metal moities. 
